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Descrlpti n 

[0001] The present invention relates to a method and 
a sensing device for measuring a component contained . 
in a measurement gas, and more particularly to methods 
and gas sensors for determining the concentration of 
NOx as a component of for example a combustion gas. 
[0002] Various measuring methods and devices have 
been proposed for determining the concentration of a 
desired gas component in a measurement gas. A known 
method of measuring NOx in combustion gases, for ex- 
ample, employs a sensor having an oxygen-ion conduc- 
tive solid electrolyte, such as zirconia, and a Pt-contain- 
ing electrode and a Rh-containing electrode formed 
thereon. This method utilizes the ability of Rh to reduce 
NOx, and determines the NOx concentration by meas- 
uring an electromotive force induced between the two 
electrodes. However, this sensor tends to suffer from 
noise, since the electromotive force varies to a great ex- 
tent with a change in the concentration of oxygen con- 
tained in the combustion gases, but varies a small extent 
in response to a change in the NOx concentration. In 
addition, CO or other reducing gas is needed for the Rh 
electrode to reduce the NOx. Under a lean combustion 
condition using an excessively small amount of a fuel, 
a large amount of NOx is generated, which exceeds the 
amount of CO generated. Thus, the known sensor is not 
able to make a measurement with respect to a combus- 
tion gas produced under such a lean combustion con- 
dition. 

[0003] There is also known a method of measuring 
NOx by using a pair of electrochemical pumping cell and 
sensing cell which include Pt electrodes and oxygen-ion 
conductive solid electrolyte, and a pair of electrochem- 
ical pumping cell and sensing cell which include Rh elec- 
trodes and oxygen-ion conductive solid electrolyte, as 
disclosed in JP-A-63-38154 and JP-A-64-39545. The 
concentration of NOx is calculated based on a differ- 
ence in pumping currents flowing through the respective 
pumping cells. In further methods as disclosed in JP-A- 
1 -277751 and JP-A-2-1 543, a first and a second pair of 
an electrochemical pumping cell and sensing cell are 
prepared, and a limiting current is measured by a sensor 
having the first pair of pumping and sensing cells, under 
the oxygen partial pressure that does not allow reduc- 
tion of NOx, while a limiting current is measured by a 
sensor having the second pair of pumping and sensing 
cells, under the oxygen partial pressure which allows re- 
duction of NOx, so as to measure the NOx concentration 
based on a difference in the limiting currents of the two 
sensors. It is also proposed to measure a difference in 
the limiting currents, using a sensor having a pair of 
pumping and sensing cells, by regulating the oxygen 
partial pressure in the measurement gas between two 
levels, one of which does not allow reduction of NOx 
while the other allows the NOx reduction. 
[0004] Referring to Fig. 25 showing the principle of the 
known methods as described above, a first and a sec- 



ond sensing lement 61, 62, which ar form d inde- 
pendently of each other, have respective internal spac- 
es 65, 66 which communicate with an exterior measure- 
ment-gas space through corresponding diffusion resist- 
5 ance portions 63, 64, and respective electrochemical 
pumping cells 67, 68 using solid electrolyte. The first 
sensing element 61 effects pumping of only oxygen un- 
der a predetermined diffusion resistance, and the oxy- 
gen concentration is obtained by multiplying the pump- 
to ing current lp 1 by a current sensitivity coefficient K 1 . The 
second sensing element 62 having an electrode or cat- 
alyst capable of reducing NOx effects pumping of both 
oxygen and NOx under a predetermined diffusion resist- 
ance, and a sum of the oxygen and NOx concentrations 
is is obtained by multiplying the pumping current lp 2 by a 
current sensitivity coefficient K 2 , Thus, the NOx concen- 
tration "Cu M is calculated according to the following 
equation: 

20 

Cn = K 2 .|p 2 -K 1 .| Pl 

[0005] In the above method of measuring NOx, how- 
ever, a considerably small current flows due to NOx to 

25 be measured, and the most part of the limiting current 
is caused by a large amout of oxygen contained in the 
measurement gas. Therefore, the small current value 
corresponding to NOx is obtained from a difference be- 
tween the two large pumping currents tp 1 , lp 2 . With use 

30 of one sensor in which the oxygen partial pressure is 
regulated as described above, the NOx cannot be con- 
tinuously measured, and the operating response and 
measuring accuracy are deteriorated. With use of two 
sensors having different oxygen partial pressures, a 

35 measurement error is likely to occur with a great change 
in the oxygen concentration of the measurement gas, 
and therefore this method cannot be employed in auto- 
mobile applications, for example, where the oxygen 
concentration in exhaust gases varies to a large extent. 

40 This is because the dependency of the pumping current 
of one of the sensors on the oxygen concentration dif* 
fers from that of the other sensor. In the case of an au- 
tomobile running under the air/fuel ratio of 20, for exam- 
ple, the oxygen concentration is generally several per- 

45 centages of exhaust gases, whereas the NOx concen- 
tration is several hundreds of ppm, which is about 1/100 
of the oxygen. If the dependency of the pumping current 
on the oxygen concentration slightly differs between the 
two sensors, therefore, a difference in the limiting cur- 

50 rents due to the varied oxygen concentration becomes 
larger than a change in the limiting currents due to NOx 
to be measured. The known method involves other 
problems. That is, if diffusion means or small leak 
formed in the pumping cell is clogged with oil ash in the 

55 exhaust gases, the pumping current may be undesirably 
changed, resulting in reduced measuring accuracy 
With a great variation in the temperature of the exhaust 
gases, the measurement results may involve some ab- 
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normality. Further, a difference in the chronological 
changes in the characteristics between the two sensors 
may lead to measuring errors, making the sensors un- 
durable for use for a long period df time. • • 
[0006] US-A-5049254 discloses an electrochemical 5 
device and method which measures the percentage of 
exhaust gas recirculation in a combined intake air and 
exhaust gas mixture of an internal combustion engine. 
Gas to be measured enters a first chamber of the device 
through an aperture. In the first chamber oxygen is to 
pumped out by a first electrochemical pump cell to which 
a constant voltage is applied. The gas passes to a sec- 
ond chamber in which a constant higher voltage across 
a second electrochemical pump cell causes dissociation 
of all C0 2 and H 2 0 in the second chamber. Current flow- ™ 
ing in the second cell is measured and is proportional to 
the percentage of C0 2 and H 2 0 in the gas measured. 
[0007] It is a first object of the present invention to pro- 
vide a method for measuring the concentration of NOx 
in a measurement gas, without being affected by the ox- 20 
ygen concentration or its variation, thus assuring im- 
proved operating response even in repeated measure- 
ments, and improved measuring accuracy for a long pe- 
riod of time. It is a second object of the invention to pro- 
vide a sensing device adapted for measuring the con- 25 
centration of NOx according to the above method. The 
present invention may be practiced for an NOx sensor 
which is able to measure an increased range of NOx, in 
combustion gases produced under a wide range of the 
air/fuel ratio, that is, from a rich-bum combustion gas 30 
produced by combustion of a fuel-rich air-fuel mixture to 
a lean-burn combustion gas produced by combustion of 
a fuel-lean air-fuel mixture. 

[0008] According to a first aspect of the present inven- 
tion, there is provided a method of measuring concen- 35 
tration of NOx as a component of a measurement gas, 
as set out in claim 1 . 

[0009] In the method of the invention concentration of 
NOx can be measured with high accuracy, without being 
affected by the oxygen concentration or its variation in *o 
the measurement gas, assuring improved operating re- 
sponse even in repeated measurements, and improved 
measuring accuracy for a long period of time. Further, 
the present method enables measurement of an in- 
creased range of NOx, in combustion gases produced 45 
under a wide range of the air/fuel ratio, that is, from a 
rich burn region using excessive fuel to a lean bum re- 
gion using excessive air, without being affected by oil 
ash. 

[001 0] In one preferred form of the same aspect of the so 
invention, the partial pressure of oxygen in the meas- 
urement gas is controlled in the first internal space by 
an oxygen pumping action of an electrochemical cell. 
[0011] The second internal space may be filled with a 
porous body having the second diffusion resistance. » 
[0012] In one preferred form of the method of the in- 
vention, the oxygen partial pressure in the first internal 
spac is detected, and th oxygen pumping action of 



the first electrochemical cell is controlled by varying a 
voltage applied to the first electrochemical cell, based 
on the detected oxygen partial pressure, so that the ox- 
ygen partial pressure in the first internal space is regu- 
lated to a constant value. 

[0013] In another preferred form of the method of the 
invention, th oxygen pumping action of the second 
electrochemical cell is effected by applying thereto a 
constant voltage which provides a diffusion limiting cur- 
rent to the gas component, the oxygen partial pressure 
of the atmosphere in the second internal space being 
regulated by application of the diffusion limiting current. 
[0014] In a further preferred form of the method as- 
pect of the invention, the elevated temperature of the 
second internal space is not lower than the elevated 
temperature of the first internal space. 
[0015] In a still further preferred form of method of the 
invention, the oxygen partial pressure in the second in- 
ternal space is not higher than the oxygen partial pres- 
sure in the first internal space. 
[0016] According to a second aspect of the present 
invention, there is provided a sensing device for meas- 
uring a concentration of NOx as a gas component of a 
measurement gas, as set out in claim 11 . 
[0017] The sensing device of the invention yields the 
same effects or advantages as provided by the method 
of the present invention. 

[0018] In the sensing device of the invention, one of 
the pair of electrodes of the electrochemical cell of the 
second oxygen pumping means, which is disposed in 
the second internal space, may serve as the catalyst. 
[0019] In another preferred form of the sensing device 
of the invention, the sensing device has a sensing ele- 
ment which includes the first and second oxygen-ion 
conductive solid electrolytes as integral parts thereof, 
the first and second internal spaces, the first and second 
diffusion means and the first and second oxygen pump- 
ing means being formed in the sensing element. 
[0020] In the above form of the invention, the sensing 
element may have a narrow, flat space having a prede- 
termined diffusion resistance, which space has an open- 
ing exposed to the external measurement-gas space, 
the flat space comprising the first and second diffusion 
means, the first internal space consisting of a first por- 
tion of the flat space adjacent to the opening, in which 
the first oxygen pumping means is provided, the second 
internal space consisting of a second portion of the flat 
space remote from the opening and inside of the first 
portion, in which the second oxygen pumping means is 
provided. 

[0021] Further, the first and second oxygen-ion con- 
ductive solid electrolytes may form an oxygen-ion con- 
ductive solid electrolyte layer, or two separate oxygen- 
ion conductive solid electrolyte layers. 
[0022] The sensing device as described above may 
further include a porous body filling the opening of the 
flat space of the sensing element, the porous body hav- 
ing a predetermined diffusion resistance. 
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[0023] In a further preferred form of the Inv ntion, the 
sensing device further includes a heater for heating the 
first and second internal spaces to respective predeter- 
mined temperatures. In this case; the sensing- device , 
can effectively operates even at a relatively low temper- 
ature, while effectively decomposing the gas compo- 
nent of the measurement gas. 
[0024] The second internal space may be formed sep- 
arately from the first internal space within the sensing 
element. In other cases, the second diffusion means 
may consist of a porous body having the second diffu- 
sion resistance, the second internal space being filled 
with the porous body. 

[0025] In one preferred form of the device of the 
present invention, the sensing device further includes 
oxygen partial pressure detecting means for detecting 
the oxygen partial pressure of the atmosphere in the first 
internal space, the first oxygen pumping means apply- 
ing a controlled current to the pair of electrodes of the 
electrochemical cell of the first pumping means, on the 
basis of the oxygen partial pressure detected by the de- 
tecting means, so as to regulate the oxygen partial pres- 
sure in the first internal space, with improved accuracy 
and ease. 

[0026] In another preferred form of the sensing device 
of the invention, a reference-gas chamber containing a 
reference gas is formed in the sensing element, sepa- 
rately from the first and second internal spaces, the ox- 
ygen partial pressure detecting means comprising an 
electrochemical cell which comprises an oxygen-ion 
conductive solid electrolyte extending between the ref- 
erence-gas chamber and the first internal space, a ref- 
erence electrode located in the reference-gas chamber 
and formed in contact with the solid electrolyte, and a 
measuring electrode located in the first internal space 
and formed in contact with the solid electrolyte. In this 
case, the reference-gas chamber is preferably exposed 
at an opening thereof to an ambient atmosphere, such 
that the ambient atmosphere is introduced into the ref- 
erence-gas chamber through the opening, to provide 
the reference gas. 

[0027] In the above form of the invention, the electro- 
chemical cell of the second oxygen pumping means 
may comprise an oxygen-ion conductive solid electro- 
lyte extending between the second internal space and 
the reference-gas chamber, a first pumping electrode lo- 
cated in the second internal space and formed in contact 
with the solid electrolyte, and a second pumping elec- 
trode located in the reference-gas chamber and formed 
in contact with the solid electrolyte. Preferably, the oxy- 
gen-ion conductive solid electrolyte of the electrochem- 
ical cell of the second oxygen pumping means and the 
oxygen-ion conductive solid electrolyte of the electro- 
chemical cell of the oxygen partial pressure detecting 
means constitute an integral oxygen-ion conductive sol- 
id electrolyte, and the second pumping electrode and 
the reference electrode formed on the solid electrolyte 
constitute a common electrode. 



[0028] In the abov form of the invention, th first 
pumping electrode of the electrochemical cell of the sec- 
ond oxygen pumping means, which is disposed in the 
second internal space, may also serve as the catalyst. 
5 This leads to a simplified process of manufacturing the 
device. 

[0029] The above-indicated first pumping electrode 
may be formed of a porous cermet consisting of a ce- 
ramic, and a metal which is able to reduce or decom- 

10 pose the gas component having bonded oxygen. 
[0030] Further, the catalyst may be disposed in the 
second internal space, in the vicinity of the first pumping 
electrode of the electrochemical cell of the second oxy- 
gen pumping means, or may be superposed on the first 

is pumping electrode of the electrochemical cell of the sec- 
ond oxygen pumping means. 
[0031] The above-indicated heater may be located 
nearer to the second internal space than to the first in- 
ternal space within the sensing element, so that the sec- 

20 ond internal space is heated to a higher temperature 
than the first internal space. With the heater thus locat- 
ed, the gas component can be more easily reduced or 
decomposed in the second internal space. 
[0032] The above-indicated second diffusion resist- 

25 ance of the second diffusion means is preferably deter- 
mined to be larger than the first diffusion resistance of 
the first diffusion means. This effectively eliminates an 
adverse influence on the measurement of the gas com- 
ponent of the measurement gas, due to clogging by oil 

30 ash. 

[0033] The above and optional objects, features and 
advantages of the present invention will be better un- 
derstood by reading the following detailed description of 
its presently preferred embodiments, when considered 
35 in conjunction with the accompanying drawings, in 
which: 

Fig. 1 is a plane view showing a sensing element of 
an NOx sensor as one embodiment of the present 

40 invention; 

Fig. 2 is an elevatlonal view in cross section taken 
along line A-A of Fig. 1 , which shows in enlargement 
a principal part of the sensing element of Fig. 1 ; 
Fig. 3 is a graph showing a first method of control- 

45 ling the temperatures of electrodes and the oxygen 
partial pressures in first and second internal spac- 
es; 

Fig. 4 is a graph showing the relationship between 
the temperature of the sensing element exposed to 

so different exhaust gas temperatures, and the dis- 
tance from the distal end of the element; 
Fig. 5 is a graph showing the relationship between 
the NO concentration and the pumping current (Ip) 
obtained by the method of Fig. 3; 

55 Fig. 6 is a graph showing a second method of con- 
trolling the electrode temperatures and the oxygen 
partial pressures in the first and second internal 
spaces; 
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Fig. 7 is a graph showing the relationship between 
the NO concentration and the pumping current (lp) 
obtained by the method of Fig. 6; 
Fig. 8 is a graph showing a thiYd method'of control- . 
ling the electrode temperatures and the oxygen par- 5 
tial pressures in the first and second internal spac- 
es; 

Fig. 9 is a graph showing a fourth method of con- 
trolling the electrode temperatures and the oxygen 
partial pressures in the first and second internal « 
spaces; 

Fig. 1 0 is a graph showing the relationship between 
the NO concentration and the pumping current (lp) 
obtained by the method of Fig. 9: 
Fig. 1 1 is an elevational view corresponding to that ^ 
of Fig. 2, showing another embodiment in which an 
NOx reduction catalyst is superposed on an internal 
pumping electrode; 

Fig. 1 2 is an elevational view corresponding to that 
of Fig. 2, showing a further embodiment in which an 20 
oxidation catalyst is provided in a first internal 
space; 

Fig. 13 is an elevational view corresponding to that 
of Fig. 2, showing another example of providing the 
oxidation catalyst; 

Fig. 14 is an elevational view corresponding to that 
of Fig. 2, showing a further example of providing the 
oxidation catalyst; 

Fig. 15 is an elevational view corresponding to that 
of Fig. 2, showing another embodiment having dif- 30 
ferent structures of second internal space and sec- 
ond diffusion means; 

Fig. 1 6 is a graph showing the relationship between 
the NO concentration and the pumping current (lp) 
obtained in the embodiment of Fig. 15; 35 
Fig. 17 is an elevational view corresponding to that 
of Fig. 2, showing a sensing element as part of an- 
other embodiment of the NOx sensor of the present 
invention; 

Fig. 1 8 is an elevational view corresponding to that ™ 
of Fig. 1 7, showing a modified example of the sens- 
ing element of Fig. 17; 

Fig. 1 9 is a graph showing the relationship between 
the electromotive force and the oxygen partial pres- 
sure at a temperature of 600°C; 45 
Fig. 20 is a graph showing the relationship between 
the NO concentration and the pumping current de- 
tected when different voltages are applied to the 
first and second electrochemical pumping cells 
while the first and second internal spaces are kept 50 
at 600°C; 

Fig. 21 is an elevational view corresponding to that 
of Fig. 2, showing another embodiment in which the 
second internal space and second diffusion means 
have different structures than those of Fig. 15; 55 
Fig. 22 is a graph showing the relationship between 
the H 2 0 concentration and the pumping current (lp) 
upon measurement of H 2 0 in which the first and 



second internal spaces ar kept at 700°C; 
Fig. 23 is a graph showing the relationship betwe n 
the C0 2 concentration and the pumping current (lp) 
upon measurement of C0 2 in which the first and 
second internal spaces are kept at 700°C; 
Fig. 24 is a cross sectional view of a sensing ele- 
ment, for explaining the principle of the present in- 
vention; and 

Fig. 25 is a cross sectional view of a known sensing 
element, for explaining a known method of meas- 
uring a gas component. 

[0034] Referring first to Figs. 1 and 2, there is illustrat- 
ed an NOx sensor as one preferred embodiment of a 
sensing device of the present invention, which is adapt- 
ed to determine the concentration of NOx as a compo- 
nent contained in a measurement gas, according to a 
method of the present invention. 
[0035] In Figs. 1 and 2, reference numeral 2 denotes 
an elongate, planar sensing element having a relatively 
large length . This sensing element 2 has an integral lam- 
inar structure including a plurality of highly dense, gas- 
tight oxygen-ion conductive solid electrolyte layers 4a, 
4b, 4c, 4d, 4e which are superposed on each other, as 
shown in Fig. 2. Each of the solid electrolyte layers 4a- 
4e is formed of a known oxygen-ion conductive solid 
electrolyte material, such as zirconia. The thus integrally 
formed sensing element 2 is produced by firing unfired 
solid electrolyte layers into an integral laminar structure, 
as known in the art. 

[0036] In the integral sensing element 2, a first inter- 
nal space 6 and a second internal space 8 are separate- 
ly formed such that the second internal space 8 is locat- 
ed nearer to the distal end of the sensing element 2. 
Each internal space 6, 8 has a rectangular shape as 
seen in a plane parallel to opposite major surfaces of 
the element 2. Independently of the first and second in- 
ternal spaces 6, 8, a reference-gas channel 10 serving 
as a reference-gas chamber is formed in the longitudinal 
direction of the sensing element 2, such thatthechannel 
1 0 is open at the proximal end of the element 2, for com- 
munication with the atmosphere. In the instant embod- 
iment, the first and second internal spaces 6, 8 and ref- 
erence-gas channel 10 are formed in substantial the 
same plane, by closing respective apertures formed 
through the solid electrolyte layer 4b, with the upper and 
lower solid electrolyte layers 4a, 4c. The sensing ele- 
ment 2 further has a first diffusion controlling passage 
12 as a first diffusion means, which is formed through 
the thickness of the upper solid electrolyte layer 4a. The 
first diffusion controlling passage 12 communicates the 
first internal space 6 with an exterior space where a 
measurement gas to be measured by the NOx sensor 
is present, so that the measurement gas is introduced 
into the first internal space 6 through the passage 12, 
under a predetermined diffusion resistance provided by 
the passage 12. Further, second diffusion means in the 
form of a second diffusion controlling passage 14 is 
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formed in the solid electrolyte layer 4b t to xtend be- 
twe n the first and second internal spaces 6, 8. This sec- 
ond diffusion controlling passage 1 4 communicates with 
the first and second internal spaces 6, 8, so -that the at-, 
mosphere in the first internal space 6 is introduced into 
the second internal space 8 through the passage 14, 
under a predetermined diffusion resistance provided by 
the passage 14. 

[0037] Inner electrode (pumping electrode) 16, which 
is a rectangular porous platinum electrode, is formed on 
the inner surface of the solid electrolyte layer 4a which 
is exposed to the first internal space 6. Further, outer 
electrode (pumping electrode) 18, which is also a rec- 
tangular porous platinum electrode, is formed on the 
outer surface of the solid electrolyte layer 4a, such that 
the inner and outer electrodes 16, 18 are aligned with 
each other in a plane parallel to the major surfaces of 
the sensing element 2 . These electrodes 16,18 and sol- 
id electrolyte layer 4a constitute an electrochemical cell 
of first oxygen pumping means, that is, a first electro- 
chemical pumping cell. In operation, a desired voltage 
is applied between the inner and outer electrodes 16, 
18 of the first electrochemical pumping cell, by means 
of an external variable power supply 20, to generate cur- 
rent flow in a predetermined direction, so that oxygen in 
the atmosphere in the first internal space 6 is pumped 
out into the external measurement-gas space, or oxy- 
gen is pumped from the external measurement-gas 
space into the first internal space 6. In this embodiment, 
each of the porous platinum electrodes 16, 18 consists 
of a cermet electrode formed of a mixture of platinum 
and zirconia (Zr0 2 ). 

[0038] Measuring electrode 22, which is a rectangu- 
lar, porous platinum electrode, is formed on the surface 
of the solid electrolyte layer 4c which is exposed to the 
first internal space 6, while reference electrode 24, 
which is a similar porous platinum electrode, is formed 
on the surface of the solid electrolyte layer 4c which is 
exposed to the the reference-gas channel 10. These 
measuring electrode 22, reference electrode 24 and sol- 
id electrolyte layer 4c constitute an electrochemical cell 
of oxygen partial pressure detecting means, that is, an 
electrochemical sensing cell. As known in the art, an 
electromotive force (EMF) is induced between the 
measuring electrode 22 and the reference electrode 24, 
based on a difference in the oxygen concentration be- 
tween the atmosphere in the first internal space 6 and 
the reference gas in the reference-gas channel 1 0. This 
electromotive force is measured by a potentiometer 26, 
to thus detect the oxygen partial pressure in the atmos- 
phere in the first internal space 6. Then, a voltage of the 
variable power supply 20 is regulated or controlled, on 
the basis of the level of the oxygen partial pressure as 
detected by the potentiometer 26, whereby the oxygen 
partial pressure in the atmosphere in the first internal 
space 6 is kept at a constant level. 
[0039] Internal pumping electrode (first pumping elec- 
trode) 28 is formed on the surface of the solid electrolyte 



layer 4c, such that th lectrode 28 is located within the 
second internal space 8. This internal pumping elec- 
trode 28 is formed of porous cermet consisting of rho- 
dium (Rh) as a metal capable of reducing NOx, and zir- 
5 conia as a ceramic material. Thus, the electrode 28 also 
functions as an NOx reduction catalyst which is able to 
reduce NOx present in the atmosphere in the second 
internal space 8. When a constant voltage is applied be- 
tween the internal pumping electrode 28 and the refer- 
10 ence electrode (second pumping electrode) 24 dis- 
posed in the reference-gas channel 10, by means of a 
power supply 30, oxygen in the atmosphere within the 
second internal space 8 is pumped out into the refer- 
ence-gas channel 1 0. Thus, the reference electrode 24 
'5 also functions as a pumping electrode, and cooperates 
with the internal pumping electrode 28 and solid elec- 
trolyte layer 4c to constitute an electrochemical cell of 
second oxygen pumping means, that is, a second elec- 
trochemical pumping cell. Ammeter 32 Is adapted to de- 
tect a pumping current which flows by the pumping ac- 
tion of the second oxygen pumping means. The con- 
stant voltage applied by the power supply 30 is deter- 
mined so as to provide a limiting current that enables 
the second electrochemical pumping cell to effect the 
pumping of the oxygen generated by reduction of NOx, 
which is introduced into the second internal space 28, 
under the diffusion resistance provided by the second 
diffusion resistance channel 14. 
[0040] The sensing element 2 also incorporates an 
alumina insulating layer 34 which is laminated integrally 
on the solid electrolyte layers 4c, 4e, such that the layer 
34 is surrounded by three solid electrolyte layers 4c, 4e 
and 4d. Heater 36 is embedded within the alumina in- 
sulating layer 34, and is operated by an external power 
supply. As shown in Fig. 2, the heater 36 is located in a 
distal end portion of the sensing element 2 in which the 
second internal space 8 Is formed, so that the second 
internal space 8 is heated to a higher temperature than 
the first internal space 6, in other words, the internal 
pumping electrode 28 is heated to a higher temperature 
than the inner electrode 1 6 and measuring electrode 22. 
For example, the heater 36 is located so that the inner 
electrode 1 6 and measuring electrode 22 in the first in- 
ternal space 6 is heated up to 400°C-600°C while the 
internal pumping electrode 28 in the second internal 
space 8 is heated up to 700°C-900°C, as the tempera- 
ture of the measurement gas varies in the range from 
300°Cto850°£. 

[0041] The thus constructed sensing element 2 is po- 
sitioned at its distal end portion within the external meas- 
urement-gas space. Thus, the measurement gas is in- 
troduced into the first internal space 6, through the first 
diffusion controlling passage 12, under a predetermined 
diffusion resistance. Then, the measurement gas in the 
first internal space 6 is subjected to the oxygen pumping 
action in which a suitable voltage is applied between the 
inner and outer electrodes 16, 18 of the first electro- 
chemical pumping cell, so that the oxygen partial pres- 
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sur in the first internal spac 6 is controlled to a prede- 
termined level, for example, lO^atm. 
[0042] To keep the oxygen partial pressure in the at- 
mosphere in the first internal space 6 at thepredeter-. 
mined constant level, a voltage applied between the two 5 
electrodes 16, 18 of the first electrochemical pumping 
cell by the variable power supply 20 is regulated so that 
the electromotive force induced between the measuring 
electrode 22 and the reference electrode 24 of the elec- 
trochemical sensing cell, which is detected by the po- « 
tentiometer 26, is equal to 203mV at 500°C, for exam- 
ple, according to the Nernst equation known in the art. 
In this manner, the oxygen partial pressure in the first 
internal space 6 can be easily controlled to 10' 6 atm as 
desired. That is, the voltage applied to the first electro- w 
chemical pumping cell is regulated so that the above- 
described electromotive force corresponds to a differ- 
ence between a desired oxygen concentration in the first 
internal space 6 and the oxygen concentration of the ref- 
erence gas. It is to be noted that the first diffusion con- » 
trolling passage 1 2 functions to reduce an amount of ox- 
ygen in the measurement gas diffusing into the first in- 
ternal space 6, and thus restrict a current flowing 
through the first electrochemical pumping cell , upon ap- 
plication of a voltage to the pumping cell. 25 
[0043] In the first internal space 6, the oxygen partial 
pressure is controlled so that NOx contained in the at- 
mosphere is not reduced by the inner electrode 16 and 
the measuring electrode 22, that is, the reaction: NO -> 
1/2N 2 + 1/20 2 , for example, does not take place, even 30 
at a high temperature elevated by the external meas- 
urement gas and the heater 36. If NOx in the atmos- 
phere is reduced in the first internal space 6, NOx cannot 
be accurately measured in the second internal space 8, 
as described later. In this sense, it is necessary to es- 35 
tablish appropriate conditions or environment in the first 
internal space 6 so that NOx is not reduced by a com- 
ponent (at least a component of the inner electrode 1 6 
of the first electrochemical pumping cell), which might 
otherwise be involved in reduction of NOx in the first in- <o 
ternal space 6. 

[0044] The measurement gas, whose oxygen partial 
pressure has been controlled in the first internal space 
6 in the above manner, is then introduced into the sec- 
ond internal space 8, through the second diffusion con- ** 
trolling passage 14, under a predetermined diffusion re- 
sistance. Then, the measurement gas in the second in- 
ternal space 8 is subjected to an oxygen pumping ac- 
tion, in which a predetermined or constant voltage, e.g., 
449mV, is applied at 700°C between the internal pump- 50 
ing electrode 28 and the reference electrode 24 of the 
second electrochemical pumping cell, so that oxygen is 
pumped from the second internal space 8 into the ref- 
erence-gas channel 1 0. As a result, the oxygen concen- 
tration is reduced down to 1 0- 10 atm in the second inter- 55 
nal space 8, particularly at the three phase boundary of 
the internal pumping electrode 28. Consequently, NOx 
is reduced, that is, the reaction: NO -> 1/2N 2 + 1/20 2 , 



for xample, tak s place, around the internal pumping 
electrode 28 serving as NOx reduction catalyst. At this 
time, th current flowing through the second lectro- 
chemical pumping cell is proportional to the oxygen con- 
centration of th atmosphere in the second internal 
space 8, that is, a sum of the oxygen concentration of 
the atmosphere in the first internal space 6 and the con- 
centration of oxygen generated by reduction of NOx at 
the internal pumping electrode 28. Since the oxygen 
concentration of the atmosphere in the first internal 
space 6 is kept a constant, as described above, the cur- 
rent flowing through the second electrochemical pump- 
ing cell is proportional to the concentration of NOx. The 
NOx concentration corresponds to an amount of NOx 
which is diffused underthe resistance of the second dif- 
fusion controlling passage 1 4. In this manner, the meas- 
urement of the NOx concentration can be effected. 
[0045] When the oxygen concentration of the atmos- 
phere in the first internal space 6 is equal to 0.02ppm 
while the NO concentration of the measurement gas is 
equal to 100ppm, for example, the current flowing 
through the second electrochemical pumping cell corre- 
sponds to 50.02ppm, that is, a sum of the concentration 
of oxygen (50ppm) generated by reduction of NO and 
the oxygen concentration (0.02ppm) of the atmosphere 
in the first internal space 6. Thus, the pumping current 
value of the second electrochemical pumping cell sub- 
stantially represents the amount of NO reduced, and 
does not depend much on the oxygen concentration of 
the measurement gas. 

[0046] The principle of the present invention will be 
described in detail, referring to Fig. 24. In this figure, the 
measurement gas is introduced into the first internal 
space 6, through the first diffusion controlling passage 
12, and the oxygen partial pressure in the first internal 
space 6 is regulated to a predetermined, desirably low 
level, by the pumping action of the first electrochemical 
pumping cell 56 serving as oxygen concentration control 
means. NOx is not reduced in this first internal space 6. 
Then, the atmosphere in the first internal space 6, hav- 
ing the thus regulated oxygen pressure, is introduced, 
through the second diffusion controlling passage 1 4, in- 
to the second internal space 8 where NOx is reduced. 
The oxygen generated by reduction of NOx is then 
pumped out from the second internal space 8, by means 
of the second electrochemical pumping cell 58, and the 
amount of NOx in the measurement gas is measured on 
the basis of a magnitude of a current flowing through the 
second electrochemical cell 5B. 
[0047] In the above-described method, the NOx con- 
centration n Cn M is obtained according to an equation: Cn 
= K-lp 3 -A, where K is a current sensitivity coefficient, lp 3 
is a current flowing through the second electrochemical 
pumping cell 58, and A is a constant indicative of a small 
amount of oxygen remaining in the first internal space 
6. It will be understood that the most part of lp 3 depends 
on the oxygen generated by decomposition of the NOx 
component contained in the measurement gas, and that 
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the pr sent method permits highly accurat measure- 
ment of even a slight amount of NOx, without being af- 
fected by oxygen in the measurement gas, as compared 
with conventional methods. The outer electrodes of the. 
first and second electrochemical pumping cells 56, 58, 
which are not exposed to the internal spaces 6, 8, may 
be located anywhere provided that oxygen can be dis- 
charged from these electrodes. For example, the outer 
electrodes are located in the ambient air. 
[0048] The graph of Fig. 3 shows one example of the 
relationship between the temperatures at the electrodes 
in the respective internal spaces 6, 8 and the oxygen 
partial pressures in these internal spaces 6, 8 which are 
controlled in the manner as described above. In this 
graph, the first electrode is a cermet Pt electrode con- 
taining Zr0 2 and Pt in the volume ratio of 40 : 60, which 
electrode is co-fired with a Zr0 2 substrate at 1400°C, 
while the second electrode is a cermet Rh electrode 
containing Zr0 2 and Rh in the volume ratio of 40 : 60. 
This graph also shows the capability of these electrodes 
to reduce NO in relation to the oxygen partial pressure 
and the temperature at each internal space. It will be 
apparent from Fig. 3 that the Pt electrode is only capable 
of reducing NO at a relatively high temperature, under 
a relatively low oxygen partial pressure, while the Rh 
electrode is capable of reducing NO at a relatively low 
temperature, under a relatively high oxygen partial pres- 
sure. 

[0049] It will be understood from the above-indicated 
relationship between the oxygen concentration and the 
temperature that the temperature of the first electrodes, 
that is, the Pt electrodes (inner electrode 1 6 and meas- 
uring electrode 22) disposed in the first internal space 
6, is controlled to within a range in which NO is not re- 
duced by the first electrodes. For example, when the ox- 
ygen partial pressure in the first internal space 6 is set 
to 10' 6 atm, as shown in Fig. 3, the location and power 
of the heater 36 are determined so that the temperature 
in the first internal space 8 is equal to or lower than 
650°C, even when the temperature of the measurement 
gas is 900°C (which is approximately the maximum tem- 
perature of the exhaust gases of automobiles). The 
measurement gas whose oxygen partial pressure is 
controlled to 1 0' 6 atm in the first internal space 6 Is then 
introduced, through the second diffusion controlling 
passage 14, into the second internal space 8 where a 
voltage of 450mV is applied to the internal pumping 
electrode 28 and the reference electrode 24, to pump 
out oxygen from the second internal space 8 into the 
reference-gas channel 10. Thus, the oxygen partial 
pressure at the three phase boundary of the internal 
pumping electrode 28 is lowered to about 10* 10 atm 
(which corresponds to the electromotive force of 450mV 
that develops across the internal pumping electrode 28 
and the reference electrode 24). It will be noted from 
Fig. 3 that the second electrode, that is, the Rh electrode 
as the internal pumping electrode 28, is capable of re- 
ducing NO at 410°C or higher, under the oxygen partial 
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pressure of 1 0* 10 atm. Accordingly, the location and pow- 
er of the heater 36 are determined so that the tempera- 
ture of the internal pumping electrode 28 (or second 
electrode) disposed in the second internal space 8 is 

s equal to or higher than 410°C, even when the temper- 
ature of the measurement gas is 300°C (which is ap- 
proximately the lowest temperature of the automobile 
exhaust gases). In this manner, NO is reduced at the 
three phase boundary of the internal pumping electrode 

10 28 as the second electrode, to generate oxygen which 
causes a current to flow through the second electro- 
chemical pumping cell. The magnitude of this current is 
proportional to the concentration of NO. 
[0050] In the above-described first example, the oxy- 

15 gen partial pressure in the first internal space 6 is con- 
trolled to 10' 6 atm while the oxygen partial pressure in 
the second internal space 8, more precisely, at the three 
phase boundary of the internal pumping electrode 28 
(second electrode), is controlled to 10" 10 atm. At the 

20 same time, the location and power of the heater 36 are 
determined so that the temperature at the inner elec- 
trode 16 and the measuring electrode 22 disposed in 
the first internal space 6 is not higher than 650 D C, and 
the temperature at the internal pumping electrode 28 in 

25 the second internal space 8 is not lower than 41 0°C, as 
the temperature of the automobile exhaust gases varies 
over the full range of 300 to 900°C, for example. 
[0051] While a desired temperature of the sensing el- 
ement 2 may be achieved by controlling the power of 

30 the heater 36, depending upon the temperature of the 
measurement gas, e.g., exhaust gases, the tempera- 
ture of the element may be easily controlled as desired 
by merely applying a suitable voltage to the heater 36, 
without controlling its power. That is, the sensing ele- 

35 ment 2 generally has a higher temperature at its distal 
end portion exposed to the exhaust gases. If the heater 
36 is positioned close to the distal end of the element 2, 
and the second internal space 8 including the internal 
pumping electrode 28 is provided in the distal end por- 

40 tion while the first internal space 6 including the inner 
electrode 16 and measuring electrode 22 is located 
apart from the distal end, the above-indicated desired 
temperatures of these electrodes can be achieved by 
applying a suitable voltage to the heater 36. 

45 [0052] Fig. 4 is a graph showing results of a test for 
determining the location of the heater in the sensing el- 
ement. A sensing element used for the test has a plati- 
num heater embedded in a Zr0 2 solid electrolyte sub- 
strate, at one of various points of the element which 

50 range from Imm to 6mm as measured from its distal end. 
The Zr0 2 substrate has a width of 4.2mm, a thickness 
of 1 .3mm and a length of 62mm, and the platinum heater 
has a heating portion having a width of 3.6mm and a 
length of 5mm, and has a resistance of 8Q at room tem- 

55 perature. With this sensing element installed in an ex- 
haust pipe of an automobile, a voltage of 1 2V is applied 
to the platinum heater, and the temperatures at the 
above-described various points of the lement are 
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measur d when exposed to exhaust gas s having 
300°C and 900°C. 

[0053] As is apparent from Fig. 4, the temperature of 
the sensing element is 650°C or lower in its region which .. 
is 5.2mm or more away from the distal end of the ele- 5 
ment, when the exhaust gas has the maximum temper- 
ature of 900°C. Therefore, the first electrodes, i.e., the 
inner electrode 16 and measuring electrode 22 are lo- 
cated in the above region that is 5.2mm or more away 
from the distal end. When the exhaust gas has the low- 10 
est temperature of 300°C, the temperature of the sens- 
ing element is 41 0°C or higher in its region which is 0 - 
6.2mm away from the distal end of the element. There- 
fore, the second electrode, i,e, the internal pumping 
electrode 28, is located in the above region that is in the ™ 
0 - 6.2mm distance from the distal end. In this manner, 
there is obtained the NOx sensor according to the 
present invention, in which the temperatures of the re- 
spective electrodes are controlled as shown in the graph 
of Fig. 3. It is to be noted that the distribution of the tern- 20 
peratures in the sensing element as described above 
can be achieved as desired, by suitably selecting the 
power (resistance), size (length) and location of the 
heater. 

[0054] Fig. 5 is a graph showing the relationship be- 25 
tween the NO concentration measured by the above- 
described NOx sensor, and the pumping current (diffu- 
sion limiting current: Ip). It is found in this graph that the 
pumping current (Ip) is linearly proportional to the NO 
concentration. Thus, the NO concentration can be easily 30 
obtained by measuring the current (Ip). In this case, Ip 
is 0.03uA when NO is equal to 0 ppm, which means that 
the pumping current of 0.03uA is required to pump out 
an amount of oxygen which corresponds to a difference 
between the oxygen concentration (1 0 6 atm) in the at- 35 
mosphere in the first internal space 6, and the oxygen 
concentration in the atmosphere In the second internal 
space 8, more precisely, at the three phase boundary of 
the internal pumping electrode 28. Although this pump- 
ing current of 0.03uA does not affect the measurement 40 
of the NO concentration of several dozens of ppm, tak- 
ing account of the sensitivity: 30ujV2000ppm = 
0.015uA/ppm, the same pumping current may cause an 
error when the NO concentration to be measured is low- 
er than 1 0ppm. It is therefore preferable that the pump- 
ing current is as closest to 0 as possible when NO is 
equal to Oppm. This can be achieved either by control- 
ling the oxygen partial pressure in the atmosphere In the 
first internal space 6 to the possibly lowest level while 
avoiding reduction of NOx, or by equalizing the oxygen so 
partial pressure in the first internal space 6 with that in 
the second internal space 6, measured at the three 
phase boundary of the internal pumping electrode 28. 
[0055] Fig. 6 is a graph showing a second example of 
the relationship between the temperatures at the elec- ss 
trades in the first and second int rnal spaces 6, 8, and 
the oxygen partial pressures in these internal spaces 6, 
8 which are controlled in the manner as described 



abov . In this example, the oxygen partial pr ssure in 
the first internal space 6, and th oxygen partial pres- 
sure at the three phase boundary of the internal pump- 
ing electrode 28 (second electrode) in the second inter- 
nal space 8 are both controlled to 10 8 atm. The heater 
36 is provided so that the temperature at the first elec- 
trodes (inner electrode 16 and measuring electrode 22) 
is 490°C or lower, and the temperature at the second 
electrode (internal pumping electrode 28) is 430°C or 
higher. 

[0056] Fig. 7 is a graph showing the relationship be- 
tween the pumping current (Ip) and the NO concentra- 
tion measured by the NOx sensor of the second exam- 
ple. Since the oxygen partial pressures in the first inter- 
nal space 6 and at the three phase boundary of the sec- 
ond electrode (internal pumping electrode 28) in the 
second internal space 8 are controlled to the same value 
in this example, Ip is OuA where NO is equal to Oppm. 
[0057] Fig. 8 is a graph showing a third example of 
the relationship between the temperatures at the elec- 
trodes and the oxygen partial pressures. In this exam- 
ple, the first electrodes (inner electrode 16 and measur- 
ing' electrode 22) and the second electrode (internal 
pumping electrode 28) are both comprised of Pt elec- 
trodes, and the oxygen partial pressures in the first in- 
ternal space 6 and at the three phase boundary of the 
second electrode (internal pumping electrode 28) in the 
second internal space 8 are both controlled to 10 6 atm. 
The heater 36 is provided so that the temperature at the 
first electrodes is lower than 650°C, and the tempera- 
ture at the second electrode is 650°C or higher. 
[0058] Fig. 9 is a graph showing a fourth example of 
the relationship between the temperatures at the elec- 
trodes and the oxygen partial pressures. In this exam- 
ple, the first electrodes (inner electrode 1 6 and measur- 
ing" electrode 22) and the second electrode (internal 
pumping electrode 28) are both comprised of Pt elec- 
trodes, and the oxygen partial pressure in the first inter- 
nal space 6 is controlled to 1 0 6 atm while the oxygen par- 
tial pressure at the three phase boundary of the second 
electrode (internal pumping electrode 28) in the second 
internal space 8 is controlled to 10 10 atm. The heater 36 
is provided so that the first electrodes are heated to 
650°C or lower, and the second electrode is heated up 
to 430°C or higher. 

[0059] In the fourth example, a pumping current !P 0 
flows when NO is equal to Oppm, as described above. 
This pumping current IP 0 is kept a constant if the oxygen 
partial pressures in the first and second internal spaces 
6, 8 are kept constant, and can therefore be easily sub- 
tracted from the pumping current Ip. Fig. 10 is a graph 
showing the relationship between the pumping current 
Ip and the NO concentration measured by the NOx sen- 
sor of this example. 

[0060] In the above-described examples, the meas- 
urement gas is introduced into the first internal space, 
where the oxygen concentration of the gas is controlled 
to a predetermined valu by the oxygen pumping action 
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of the first electrochemical pumping cell, while the oxy- 
gen partial pressure and the temperature ar suitably 
controlled to avoid reduction of NOx. Then, the meas- 
urement gas having the predetermined oxygera concen-. 
tration is introduced from the first internal space into the 
second internal space, where the temperature and ox- 
ygen concentration are determined so that the NOx 
component in the gas is reduced at the three phase 
boundary of the NOx reduction catalyst (internal pump- 
ing electrode 28) disposed in the second internal space. 
A pumping current measured upon the oxygen pumping 
action of the second electrochemical pumping cell is 
proportional to the NOx concentration of the measure- 
ment gas. Thus, NOx can be effectively determined on 
the basis of the pumping current, without being affected 
by the oxygen concentration of the measurement gas. 
[0061] In the above-described NOx sensor as the 
sensing device of the present invention, the first internal 
space 6 is positioned downstream of the first diffusion 
controlling passage 12, and the second diffusion con- 
trolling passage 14 is positioned downstream of the first 
internal space 6, as seen in the direction of flow of the 
measurement gas. Therefore, clogging due to oil ash 
may take place at the first diffusion controlling passage 
12, but not likely at the second diffusion controlling pas- 
sage 14. If the diffusion resistance values D1 , D2 of the 
first and second diffusion controlling passages 12, 14 
are determined to satisfy the relationship: D1 + a « D2, 
where a is a variation of the diffusion resistance due to 
clogging, the measurement of the NOx concentration is 
not affected by such clogging. Thus, the clogging of the 
first diffusion controlling passage 12 only results in re- 
duction of the pumping current for keeping the oxygen 
concentration in the first internal space at a constant lev- 
el, and will not affect the measurement of NOx since the 
gas containing NOx is substantially diffused through the 
second diffusion controlling passage 14. 
[0062] In the first and second examples, the first elec- 
trodes (1 6, 22) disposed in the first internal space 6 are 
cermet electrodes containing Pt, while the second elec- 
trode (28) is a cermet electrode containing Rh. In the 
third and fourth examples, the first and second elec- 
trodes are both comprised of cermet electrodes contain- 
ing Pt. However, the electrode materials are not neces- 
sarily limited to those as employed in the above exam- 
ples. For example, the first electrode may be a cermet 
electrode containing Au or an alloy of Au and Pt, and 
the second electrode may be a Rh-containing cermet 
electrode. Since the Au/Pt cermet electrode as the first 
electrode is less likely to reduce NOx, the oxygen partial 
pressure and temperature in the first internal space can 
be more freely determined from within increased allow- 
able ranges. While metals used for the electrodes may 
be suitably selected from known metals, both the first 
and second electrodes may be Au-containing elec- 
trodes, with a Rh- or Pt-containing electrode or a cata- 
lyst superposed on the second electrode. The catalyst 
may be a ceramic porous layer formed of alumina, which 



loads ther on an NOx reducing metal. Alt rnativ ly,th 
first and second lectrodes may be Pt-containing elec- 
trodes, with a Rh-containing catalyst electrode disposed 
on the second Pt electrode. It is also possible that the 

s first and second electrodes made of the same material 
are exposed to different temperatures, for example. 
[0063] It is desirable that the. first and second elec- 
trodes are cermet electrodes comprised of a metal and 
a suitable ceramic material. For the second electrode 

10 which function as an NOx reduction catalyst, as in the 
illustrated embodiment, a porous cermet electrode is 
desirably employed which is formed of a ceramic and a 
known metal, such as Rh and Pt, capable of reducing 
NOx. An NOx reduction catalyst may be provided in the 

15 vicinity of the interna! pumping electrode 28 disposed in 
the second internal space 8, or an NOx reduction cata- 
lyst 42 as shown in Fig. 11 may be laminated by printing 
or other method on the internal pumping electrode 28. 
This catalyst 42 is a porous alumina layer loading an 

20 NOx reducing catalyst, such as rhodium. In the sensing 
element as shown in Fig. 1 1 , the heater 36 is located on 
the side of the second internal space 8, so that the sec- 
ond internal space 8 is heated to a higher temperature 
than the first internal space 6, whereby the NOx reduc- 
es tion catalyst 42 performs its function more effectively. 
[0064] Where the measurement gas consists of ex- 
haust gases generated under a rich bum engine oper- 
ation, the gas contains large amounts of unburned com- 
ponents, such as CO and HC, which may react with NOx 

30 to cause a measuring error of the NOx sensor. To avoid 
this, the first internal space 6 is preferably filled with an 
oxidation catalyst 38 formed from porous alumina, for 
example, for oxidizing the unburned components, such 
as CO and HC, in the measurement gas, as shown in 

35 Fig. 1 2. In this case, the polarity of the first electrochem- 
ical pumping cell is reversed with respect to that in the 
case of a lean burn engine operation. That is, oxygen in 
the measurement gas is pumped from the exterior 
space into the first internal space 6. The provision of the 

40 oxidation catalyst 38 in the first internal space 6 is ef- 
fective for eliminating influences due to the reducing 
gases, such as CO and HC, even when the measure- 
ment gas is produced as a result of the rich burn oper- 
ation. 

45 [0065] While the first internal space 6 is filled with the 
oxidation catalyst 38 in the embodiment of Fig. 12, the 
catalyst 38 may be provided on a portion of the solid 
electrolyte layer 4c between the first diffusion controlling 
passage 12 and the measuring electrode 22, or may be 

50 provided by printing on the inner electrode 16. That is, 
the oxidation catalyst 38 may be located anywhere pro- 
vided the unburned components, such as CO and HC, 
are oxidized before the measurement gas reaches the 
second internal space 8. 

55 [0066] To oxidize the unburned components, such as 
CO and HC, there is no need to provide the oxidation 
catalyst 38. That is, the oxidation can be promoted if the 
inner electrode 16 functions as an oxidation catalyst. 
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Even if th inner lectrode 16 consists of an Au or Au/ 
Pt alloy electrode which does not serve as an oxidation 
catalyst, the unbumed components in the measurement 
gas can be oxidized under appropriate conditions, in-, 
eluding the oxygen partial pressure and the tempera- 
ture, in the first internal space 6. These conditions must 
be also advantageous for measurement of NOx, assur- 
ing the oxygen partial pressure which is as low as pos- 
sible and closest to that of the second internal space 8. 
For example, the oxidation can readily take place in the 
first internal space 6 if the oxygen partial pressure is at 
least 1 0- 10 atm at 500°C, and at least 1 0" 15 atm at 600°C. 
[0067] In the above-described method of measuring 
NOx, the measurement gas is controlled in the first in- 
ternal space 6, to provide an atmosphere which is effec- 
tive for measurement of NOx. More specifically, oxygen 
is pumped out from or pumped into the atmosphere in 
the first internal space 6, by the pumping action of the 
first electrochemical cell, so that the oxygen partial pres- 
sure in the space 6 is kept at a constant level which is 
almost the same as that in the second internal space 8, 
and which enables oxidation of the unburned compo- 
nents, such as CO and HC, contained in the measure- 
ment gas. Consequently, the oxidation of the unburned 
components is effected, thereby to avoid reaction be- 
tween such unbumed components and NOx, assuring 
more accurate measurement of the NOx concentration. 
This is particularly effective with respect to a measure- 
ment gas which is produced as a result of combustion 
under a rich burn engine operation, and thus contains 
considerably large amounts of carbon monoxide, hydro- 
carbon and other unburned components. 
[0068] The oxidation of the unburned components in 
the measurement gas as described above is effective 
for eliminating any influence by the unbumed compo- 
nents on the NOx measurement accuracy, with respect 
to exhaust gases produced not only under the rich burn 
engine operation, but also under the lean burn engine 
condition which may produce slight amounts of such un- 
burned components as described above. 
[0069] The oxidation catalyst 38 may be laminated on 
the upper solid electrolyte layer 4a, as shown in Fig, 13, 
such that the catalyst 38 is located in the external meas- 
urement gas space while closing an open end of thefirst 
diffusion controlling passage 12. This is effective mainly 
for eliminating measuring errors due to CO and HC pro- 
duced when the engine operates under lean A/F condi- 
tion. This embodiment is not suitable for the rich burn 
engine operation since the whole amounts of CO and 
HC cannot be oxidized due to shortage of oxygen in the 
measurement gas. In a further embodiment as shown 
in Fig. 14, additional solid electrolyte layers 4f and 4g 
are superposed on the solid electrolyte layer 4a, with a 
gas inlet channel 40 defined by these three solid elec- 
trolyte layers 4f, 4g, 4a. The oxidation catalyst 38 is lo- 
cated in the gas inlet channel 40. In this case, the oxi- 
dation of CO, HC and others is more effectively promot- 
ed since the oxidation catalyst 38 is located in a rela- 



20 

tively high-temp ratur distal nd portion of th sensor, 
as compared with the embodiment of Fig. 12. 
[0070] To regulate the oxygen concentration at th 
three phase boundary of the second electrode (28) serv- 

5 ing as an NOx reduction catalyst, in the second internal 
space 8, the oxygen is pumped from the second elec- 
trode (28) to the reference electrode 24 in the illustrated 
embodiments. However, the second electrode (28) may 
cooperate with the outer electrode 18 of the first elec- 

10 trochemical pumping cell, to constitute a second elec- 
trochemical pumping cell, so as to pump the oxygen in 
the second internal space 8 toward the outer electrode 
1 8. It is also possible to provide another electrode in the 
second internal space 8 to pump out oxygen in the sec- 

15 ond internal space 8, in addition to the second electrode 
(28) as the NOx reduction catalyst. In this case, on the 
basis of an electromotive force induced between the 
NOx reduction catalyst electrode (28) and the reference 
electrode 24, oxygen may be pumped from the addition- 

20 al pump-out electrode toward the reference electrode, 
the outer electrode 1 8, or a further electrode adapted to 
pump out the oxygen, so as to regulate the oxygen con- 
centration at the three phase boundary of the NOx re- 
duction catalyst electrode. 

25 [0071] In the illustrated embodiments, the oxygen 
partial pressure in the first internal space 6 is regulated 
by continuously varying a voltage to be applied to the 
pumping electrodes 16, 18 of the first electrochemical 
pumping cell, based on the level of the electromotive 

30 force detected at the electrochemical sensing cell. How- 
ever, a constant voltage may be applied to these pump- 
ing electrodes 16, 18, or a single electrochemical cell 
may serve as both a pumping cell and a sensing cell at 
different shared time. 

35 [0072] The reference electrode 24 is not necessarily 
held in communication with the atmosphere through the 
reference-gas channel 10. Rather, the reference elec- 
trode 24 may be disposed in a space in which the oxy- 
gen that is pumped out from the second electrode (28) 

40 is stored. 

[0073] Further, the second internal space and the sec- 
ond diffusion means may be constituted by a space 
which is filled with a porous body. More specifically, the 
second internal space 8 and the second diffusion con- 
45 trolling passage 4 of the sensing element 2 shown in 
Fig. 2 may be replaced by an arrangement as shown in 
Fig. 15, in which an internal space adjacent to the first 
internal space 6 is filled with a porous body 44 made of 
alumina, for example, to provide both the second diffu- 
se sion means and the second internal space. This ar- 
rangement simplifies the internal structure of the NOx 
sensor. In this embodiment, the diffusion resistance of 
the second diffusion means (44) is determined to be 
larger than that of the first diffusion controlling passage 
55 12, such that the atmosphere in the first internal space 
6 is not influenced by the atmosphere in the second in- 
ternal space. 

[0074] Th porous body 44 may be printed on the in- 
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ternal pumping lectrode 28, as shown in Fig. 21 , In this 
arrangement, the porous body 44 constitutes the sec- 
ond diffusion means, and the porous body 44 itself sub- 
stantially provides the second internal space. < 
[0075] In operation of the sensing element 2 con- s 
structed as described above, a voltage applied between 
the two electrodes 16, 18 of the first electrochemical 
pumping cell is controlled so that an electromotive force 
of 203mV is induced at 500°C between the measuring 
electrode 22 in the first internal space 6, and the refer- 
ence electrode 24. At the same time, a constant voltage 
is applied between the internal pumping electrode 28 
and the reference electrode 24 of the second electro- 
chemical pumping cell, so that an electromotive force of 
449mV is induced at 700°C between these electrodes 
28, 24. In this condition, the NO concentration linearly 
varies with the pumping current (Ip) of the second elec- 
trochemical pumping cell, as shown in the graph of Fig. 
16. Accordingly, the NO concentration is determined by 
measuring the magnitude of the pumping current (Ip). 
[0076] The arrangement of the sensing element as 
shown in Fig. 15 may be modified such that the porous 
structure of the second diffusion means 44 loads therein 
an NOx reduction catalyst, or such that an oxidation cat- 
alyst for oxidizing the unburned components, such as 
CO and HC, is disposed in the first internal space 6. 
Thus, the present sensing element may be modified as 
needed, while assuring NOx detecting characteristics 
similar to those of the sensing element of Fig. 15. 
[0077] The materials for the electrodes (16, 22) dis- 
posed in the first internal space 6 and the electrode (28) 
disposed in the second internal space (second diffusion 
means 44) are suitably selected such that the electrode 
(28) in the second internal space has the same or higher 
capability of reducing NOx than the electrodes (16, 22) 
in the first internal space 6. In addition, an NOx reduction 
catalyst layer may be provided on the electrode (28) in 
the second internal space. 

[0078] The location of the reference electrode and the 
the reference-gas chamber and the kind of the reference 
gas are suitably selected, such that the electromotive 
force determined according to the Nernst equation is in- 
duced between the measuring electrode in the first in- 
ternal space 6 and the reference electrode. 
[0079] The position and power of the heater are suit- 
ably selected such that the temperature at the elec- 
trodes in the first internal space 6 is lower than the tem- 
perature at the electrode in the second internal space 
(second diffusion means 44). 
[0080] The NOx sensor according to the present in- 
vention may have the first and second diffusion means 
in the form of a narrow, flat space having a predeter- 
mined diffusion resistance. The flat space is formed in 
the sensing element so as to be open to the external 
measurement-gas space, as shown in Fig. 1 7 by way of 
example. 

[0081 ] The sensing element 2 as shown in Fig. 1 7 has 
an integral laminar structure including six oxygen-ion 
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conductive solid electrolyte lay rs 4a, 4b, 4c, 4h, 4d, 4 
which are superposed on each other in this order. The 
second uppermost solid electrolyte layer 4b has a rec- 
tangular cutout or notch at its distal end portion, which 
provides a narrow, flat space 50 having a predetermined 
diffusion resistance. The flat space 50 is open at the dis- 
tal end of the sensing element 2, and extends over a 
suitable length in the longitudinal direction of the ele- 
ment 2. That is, the flat space 50 has an elongate, rec- 
tangular shape as seen in a plane parallel to the major 
surfaces of the sensing element 2, and is open at one 
of the opposite short sides to the external measurement- 
gas space. 

[0082] In operation, the external measurement gas is 
introduced through the opening of the flat space 50, and 
reaches an innermost part of the flat space 50, under a 
predetermined diffusion resistance. Thus, the flat space 
50 itself constitutes the first and second diffusion 
means. The inner electrode (pumping electrode) 16 of 
the first electrochemical pumping cell is provided in a 
portion of the flat space 50 adjacent to its opening, which 
portion forms the first internal space 6, while the internal 
pumping electrode 28 of the second electrochemical 
pumping cell is provided in a deeper portion of the flat 
space 50 inside of the first internal space 6, which por- 
tion forms the second internal space 8. 
[0083] In the instant embodiment, reference-gas 
channel 10 is formed through the solid electrolyte layer 
4h, such that the channel 10 is open at a proximal end 
of the sensing element, for communication with the at- 
mosphere. Reference electrode 24 disposed in the ref- 
erence-gas channel 10 cooperates with the measuring 
electrode 22 provided in the flat space 50 to constitute 
the electrochemical sensing cell, and cooperates with 
the internal pumping electrode 28 to constitute the sec- 
ond electrochemical pumping cell. Thus, the reference 
electrode 24 also serves as one of the pumping elec- 
trodes. 

[0084] The other parts of the NOx sensor as shown 
in Fig. 1 7 are similar to those of the NOx sensor of Fig. 
2, and the same reference numerals are used in the fig- 
ures for the corresponding elements, of which no de- 
tailed description will be provided. The specific struc- 
tures for the flat space 50 and the reference-gas channel 
1 0 formed in the sensing element 2 are shown in detail 
in Figs. 10 and 11 of JP-B2-5-18059, from which the 
structure of the sensing element of Fig. 17 is to be un- 
derstood. 

[0085] Fig. 18 shows a modified embodiment of the 
sensing element 2 as shown in Fig. 17. In this embodi- 
ment, an open end portion of the flat space 50 is filled 
with a porous body 52 having a predetermined diffusion 
resistance. The measurement gas is introduced through 
the porous body 52 into the flat space 50, under the pre- 
determined diffusion resistance, and the introduced gas 
is subjected to an oxygen pumping action of the first ox- 
ygen pumping means, in the first internal space 6 pro- 
vided by a portion of the flat space 50 adjacent to the 
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porous body 52. Th provision of the porous body 52 is 
advantageous in that the diffusion of the gas into the first 
internal space 6 can be controlled with high reliability, 
and that unbumed components, such as CCXand HC,, 
are effectively oxidized at the porous body 52. 
[0086] In the illustrated embodiments of the NOx sen- 
sor, the effective decomposition and reduction of NOx 
are achieved due to a temperature difference between 
the first and second internal spaces 6, 8. However, the 
atmospheres in the first and second internal spaces 8 
do not necessarily have different temperatures. In the 
example of Fig. 3, for instance, if the temperature of both 
of the first and second internal spaces 6, 8 is set to 
600°C, the Pt electrode (1 6) disposed in the first internal 
space 6 will not reduce NOx under the oxygen partial 
pressure of about 10 _6 atm or higher, while the Rh elec- 
trode (28) disposed in the second internal space 8 will 
reduce NOx under the oxygen partial pressure of 
1 0" 5 atm or lower. It is therefore possible to measure NOx 
with high accuracy even when both the first and second 
internal spaces 6 t 8 have the same temperature of 
600°C, if the oxygen partial pressure of the atmosphere 
in the first internal space 6 is controlled to 10* 6 atm or 
higher, and the oxygen partial pressure of the atmos- 
phere in the second internal space 8 is controlled to 
10 * 5 atm or lower. 

[0087] If the electrodes having no or little capability of 
reducing NOx, such as those containing Au or an alloy 
of Au and Pt, are employed, the measurement of NOx 
can be effected under a condition where the tempera- 
ture of the first internal space is higher than that of the 
second internal space. For example, the alloy electrode 
containing Pt and 1% of Au, which does not reduce NOx 
at 800 P C under the oxygen partial pressure of 10* 15 atm, 
may be employed for measurement of NOx, even if the 
first internal space is kept at 800°C with the oxygen par- 
tial pressure of 10* 10 atm, and the second internal space 
is kept at 600° C with the oxygen partial pressure of 
10- 10 atm. 

[0088] Fig. 1 9 is a graph showing the relationship be- 
tween the electromotive force and the oxygen partial 
pressure at a temperature of 600°C. If the oxygen partial 
pressure of the atmosphere in the first internal space 6 
is regulated so that the electromotive force at the meas- 
uring electrode 22 of the electrochemical sensing cell is 
150mV, the oxygen partial pressure in the first internal 
space 6 becomes equal to about 10 _4 atm, and there- 
fore NOx is not reduced in the first internal space 6. If 
450mV is applied to the internal pumping electrode 28 
of the second electrochemical pumping cell, which elec- 
trode is disposed in the second internal space 8, the ox- 
ygen partial pressure at the three phase boundary of the 
pumping electrode 28 becomes equal to about 
10 _11 atm, and therefore NOx is reduced at the internal 
pumping electrode 28. The oxygen generated by the re- 
duction of NOx can be detected by the pumping current 
of the second electrochemical pumping cell. The graph 
of Fig. 20 shows the relationship between the NO con- 
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centration and th pumping curr nt(lp). 
[0089] White the sensors of the illustrated embodi- 
ments are adapted for measuring NOx as a component 
of the measurement gas, it is to be understood that the 

5 present invention may be equally advantageously prac- 
ticed for measurement of other gas components con- 
taining bonded oxygen, such as H 2 0 or C0 2 , which 
measurement may be affected by oxygen present in the 
measurement gas. 

io [0090] Where the sensing element 2 as shown in Figs. 

1 and 2 is used for measuring H 2 0 (water) in the meas- 
urement gas, the atmosphere in the first internal space 
6 is initially subjected to the oxygen pumping action of 
the first electrochemical pumping cell, so that the oxy- 

15 gen partial pressure is controlled to the possibly lowest 
level, e.g., 1O- 10 atm, under which H 2 0 is not decom- 
posed. Then, the measurement gas (the atmosphere in 
the first internal space 6) having the constant low level 
of the 0 2 concentration is introduced into the second 

20 internal space 8, through the second diffusion control- 
ling passage 14. With the power supply 30 applying a 
fixed voltage of 1 .5V between the electrodes 24, 28 of 
the second electrochemical pumping cell, H 2 0 con- 
tained in the atmosphere in the second internal space 

25 8 is decomposed into H 2 and 0 2 , and the thus produced 

0 2 is pumped out by the pumping cell at the same time. 
The pumping current detected by the ammeter 32 upon 
the pumping action of the second electrochemical 
pumping cell is proportional to the H 2 0 concentration of 

30 the atmosphere in the second internal space 8. Since 
oxygen in the measurement gas is reduced down to 
10* 10 atm (0.0001 ppm) in the first internal space 6, the 
above pumping current substantially represents the ox- 
ygen generated by decomposition of H 2 0. Fig. 22 is a 

35 graph showing the relationship between the H 2 0 con- 
centration and the pumping current (Ip) when the first 
and second internal spaces 6, 8 are both heated up to 
700°C. 

[0091] In the measurement of H 2 0 as described 

40 above, a pumping voltage of the second electrochemi- 
cal pumping cell is controlled to not less than 1 V so as 
to decompose H 2 0 in the atmosphere. If the voltage is 
less than 1V, H 2 0 will not be fully decomposed. At the 
same time, the pumping voltage is desirably controlled 

45 to not higher than 3V, since the solid electrolyte material, 
such as Zr0 2 , may be decomposed with a result of re- 
duced mechanical strength, if a voltage higher than 3V 
is applied to effect the pumping action for a long time. 
Accordingly, the pumping voltage is preferably deter- 

50 mined in the range of 1 .2v to 2.5V. 

[0092] The sensing element 2 as shown in Figs. 1 and 
2 may also be used for measuring C0 2 contained in the 
measurement gas, in the same manner as described 
above with respect to H 2 0. In the measurement of C0 2 , 

55 the oxygen partial pressure of the atmosphere in the 1\rst 
internal space 6 is first controlled to the possibly lowest 
level, e.g., 10- 10 atm, under which C0 2 is not decom- 
posed. Then, the atmosphere having th constant low 
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level of the 0 2 concentration is introduced into the sec- 
ond internal space 8, through the second diffusion con- 
trolling passage 14. With the power supply 30 applying 
a fixed voltage of 1.5V to the second electrochemical, 
pumping cell , the oxygen is pumped out from the internal 
pumping electrode 28 toward the reference electrode 
24. During this pumping action, C0 2 in the second in- 
ternal space 8 is decomposed into CO and 0 2 , and the 
thus produced 0 2 is pumped out by the pumping cell at 
the same time. The pumping current thus obtained is 
proportional to the C0 2 concentration. Since oxygen in 
the measurement gas is reduced down to 10" 10 atm 
(0.0001 ppm) in the first internal space 6, the above 
pumping current substantially represents the oxygen 
generated by decomposition of C0 2 . Fig. 23 is a graph 
showing the relationship between the C0 2 concentra- 
tion and the pumping current (Ip) when the first and sec- 
ond internal spaces 6, 8 are both heated up to 700°C. 
[0093] In the measurement of C0 2 as described 
above, a pumping voltage of the second electrochemi- 
cal pumping cell is controlled to be not less than 1 V so 
as to decompose C0 2 in the atmosphere. If the voltage 
is less than 1V, C0 2 will not be fully decomposed. At the 
same time, the pumping voltage is desirably controlled 
to be not higher than 3V, since the solid electrolyte ma- 
terial, such as Zr0 2 , may be decomposed with a result 
of reduced mechanical strength, if a voltage higher than 
3V is applied to effect the pumping action for a long time. 
Accordingly, the pumping voltage is preferably deter- 
mined in the range of 1 .2V to 2.5V. 
[0094] Thus, the concentration of the gas component 
having bonded oxygen, such as H 2 0 and C0 2 , can be 
obtained by detecting the pumping current (Ip) for pump- 
ing out the oxygen generated upon decomposition of the 
gas component in the second internal space 8, in the 
same manner as the NOx concentration is determined. 
In this connection, a suitable decomposing catalyst may 
be provided in the second internal space 8, as in the 
case of NOx, so as to positively promote decomposition 
of the gas component, such as H 2 0 and C0 2 . 
[0095] While the present invention is particularly ad- 
vantageously practiced for measuring a component 
containing combined gas, such as NOx, H 2 0, or C0 2 , 
in a measurement gas, the present invention is not lim- 
ited to these applications but is equally applicable for 
measurement of any gas component, provided the 
measurement is affected by oxygen in the measurement 
gas. Upon measurement of H 2 or NH 3 in a measurement 
gas, for example, these components may be burnt due 
to oxygen in the gas, resulting in deteriorated measuring 
accuracy. If the oxygen in the measurement gas is re- 
moved i n the first internal space according to the present 
invention, the H 2 or NH 3 concentration can be measured 
with high accuracy in the second internal space. 
[0096] The concentration of each of H 2 , NH 3 and oth- 
r various gas components present in the atmosphere 
in the second internal space may be measured by a se- 
lected one of known detecting means. More specifically, 



H 2 may be measured by using a proton pump construct- 
ed similarly to the oxygen pumping means. The proton 
pump consists of a proton-ion conductive solid electro- 
lyte layer, and a pair of electrodes formed in contact with 
5 the layer. In operation, a current is applied to the pair of 
electrodes, so as to pump out H 2 from the second inter- 
nal space, and the H 2 concentration is determined by 
detecting the pumping current. Likewise, NH 3 is meas- 
ured by 1 ) decomposing NH 3 into H 2 and N 2 in the see- 
to ond internal space, 2) pumping out the H 2 thus gener- 
ated by means of the proton pump as described above, 
and 3) detecting the pumping current during the pump- 
ing action, so as to determine the NH 3 concentration. 
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Claims 



1 . A method of measuring concentration of NOx as a 
component of a measurement gas, comprising the 
20 steps of : 

(i) introducing the measurement gas containing 
the NOx component from an external measure- 
ment-gas space into a first internal space (6), 

25 with a first diffusion resistance; 

(ii) controlling the partial pressure of oxygen in 
the measurement gas within said first internal 
space so as to produce an atmosphere having 
a controlled oxygen partial pressure; 

3 o (iii) introducing said atmosphere from said first 

internal space into a second internal space (8) 
with a second diffusion resistance; and 
(iv) determining the concentration of the NOx 
component present in the atmosphere in said 

35 second internal space by contacting the gas in 

said second internal space with a NOx decom- 
position catalyst so as to derive oxygen from 
the NOx component and measuring the oxygen 
in said second internal space, 



40 



45 



50 



wherein in step (ii) the partial pressure of ox- 
ygen is controlled so that said atmosphere has an 
oxygen partial pressure which does not substantial- 
ly affect measurement of the NOx component in 
step (iv) and which does not convert NO to N 2 and 
0 2 in said first internal space whereby NO remains 
in the atmosphere introduced into said second in- 
ternal space (8) in step 

(iii) to permit measurement of the NOx component 
in said second internal space. 



2. A method according to claim 1 , wherein said partial 
pressure of oxygen in the measurement gas is con- 
trolled in said first internal space (6) by an oxygen 

55 pumping action of an electrochemical cell (4a, 16, 
18; 56). 

3. A method according to claim 1 or 2, wherein said 
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s cond internal space (8) is filled with a porous body 
(44) having said second diffusion resistance. 

4. A method according to any one of claims 1 to 3,. 
comprising the steps: 

pumping out oxygen produced from the NOx in 
the second internal space (8) by an oxygen 
pumping action of an electrochemical cell (4c, 
24, 28; 58); and 

detecting a pumping current flowing through 
said electrochemical cell (4c, 24, 28; 58), so as 
to calculate the concentration of the NOx in the 
measurement gas, on the basis of said pump- 
ing current. 

5. A method according to claim 1 , wherein the oxygen 
partial pressure in said first internal space (6) is reg- 
ulated by an oxygen pumping action of a first elec- 
trochemical pumping cell (4a, 16, 18; 56), so as to 
produce an atmosphere having a predetermined 
level of the oxygen partial pressure, which does not 
allow conversion of NO to N 2 and 0 2 at a first ele- 
vated temperature of the first internal space, while 
the oxygen partial pressure in said second internal 
space (8) is regulated by pumping out oxygen by an 
oxygen pumping action of a second electrochemi- 
cal pumping cell (4c, 24, 28; 58), so that the oxygen 
partial pressure is regulated to a predetermined lev- 
el which allows reduction or decomposition of NOx 
at a second elevated temperature of the second in- 
ternal space. 

6. A method according to claim 5, wherein the oxygen 
partial pressure in said first internal space (6) is de- 
tected, and the oxygen pumping action of said first 
electrochemical cell (4a, 16,18; 56) is controlled by 
varying a voltage applied to the first electrochemical 
cell, based on the detected oxygen partial pressure, 
so that the oxygen partial pressure in the first inter- 
nal space is regulated to a constant level, 

7. A method according to claim 5 or 6, wherein the ox- 
ygen pumping action of said second electrochemi- 
cal cell (4b, 24, 28; 58) is effected by applying there- 
to a constant voltage which provides a diffusion lim- 
iting current to the gas component, the oxygen par- 
tial pressure of the atmosphere in said second in- 
ternal space (8) being regulated by application of 
said diffusion limiting, current. 

8. A method according to any one of claims 5 to 7, 
wherein said second elevated temperature of the 
second internal space is not lower than said first el- 
evated temperature of the first internal space. 

9. A method according to any one of claims 5 to 8, 
wherein the oxygen partial pressur in said second 



internal space is not higher than the oxygen partial 
pressure in said first internal space. 

10. A method according to any one of claims 5 to 9, 
5 wherein oxygen is pumped out from the atmosphere 

in said first internal space due to said oxygen pump- 
ing action of said first electrochemical pumping cell, 
so that the oxygen partial pressure of the atmos- 
phere is made lower than that of the measurement 
10 gas. 

11. A sensing device for measuring a concentration of 
NOx as a gas component of a measurement gas, 
comprising: 
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means defining a first internal space (6) which 
communicates with an externa! measurement- 
gas space where the measurement gas is 
present; 

first diffusion means (12) for introducing the 
measurement gas containing NOx from said 
external measurement-gas space into said first 
internal space (6), with a first diffusion resist- 
ance; 

first oxygen pumping means (4a, 16, 18) com- 
prising an electrochemical cell having a first ox- 
ygen-ion conductive solid electrolyte (4a) and 
a pair of electrodes (16,18) formed thereon, for 
effecting an oxygen pumping action with re- 
spect to said first internal space (6), so that the 
oxygen partial pressure of the atmosphere in 
the first internal space is regulated to a prede- 
termined level; 

means defining a second internal space (8) 
which communicates with said first internal 
space; 

second diffusion means (14, 44) for introducing 
the atmosphere from said first internal space 
into said second internal space (8), with a sec- 
ond diffusion resistance; 
a catalyst In said second Internal space (8) suit- 
able to catalyse decomposition of NOx; 
second oxygen pumping means (4c, 24, 28) 
comprising an electrochemical cell having a 
second oxygen-ion conductive solid electrolyte 
(4c) and a pair of electrodes (24, 28) formed 
thereon, for pumping out oxygen from the at- 
mosphere in said second internal space, 
means controlling the voltage applied to said 
second oxygen pumping means so that the ox- 
ygen partial pressure of the atmosphere in the 
second internal space is regulated to a prede- 
termined value which allows decomposition of 
NOx to derive oxygen therefrom; 
whereby NOx present in the atmosphere in the 
second internal space is decomposed, said 
second oxygen pumping means being ar- 
ranged to pump out oxygen produced upon the 
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decomposition of NOx; and 
current detecting means (32) for detecting a 
pumping current flowing through said second 
oxygen pumping means, 

wherein said first oxygen pumping means (4a, 5 
16,18) is arranged to regulate said oxygen par- 
tial pressure of the atmosphere in said first in- 
ternal space (6) to said predetermined level 
which substantially does not affect the meas- 
urement of the NOx component in the second 10 
internal space (8) and which does not convert 
NO to N 2 and 0 2 in said first internal space 
whereby NO remains in the atmosphere intro- 
duced into said second internal space (8) to 
permit measurement of the NOx component in '5 
said second internal space. 

12. A sensing device according to claim 11, wherein 
one (28) of said pair of electrodes of said electro- 
chemical cell of said second oxygen pumping 20 
means, which is disposed in said second internal 
space, comprises said catalyst. 

13. A sensing device according to claim 11 or claim 12, 
comprising a sensing element (2) which includes 25 
said first and second oxygen-ion conductive solid 
electrolytes as integral parts thereof, said first and 
second internal spaces, said first and second diffu- 
sion means and said first and second oxygen pump- 
ing means being formed in said sensing element. 30 

14. A sensing device according to claim 13, wherein 
said sensing element has a 'narrow, flat space (50) 
having a predetermined diffusion resistance, which 
space has an opening exposed to said external 35 
measurement-gas space, said flat space compris- 
ing said first and second diffusion means, said first 
internal space consisting of a first portion of said flat 
space adjacent to said opening, in which said first 
oxygen pumping means is provided, said second *o 
internal space consisting of a second portion of said 

flat space remote from said opening and inside said 
first portion, in which said second oxygen pumping 
means is provided. 

45 

15. A sensing device according to claim 13 or 14, 
wherein said first and second oxygen-ion conduc- 
tive solid electrolytes form an oxygen-ion conduc- 
tive solid electrolyte layer. 

50 

16. A sensing device according to claim 13 or 14, 
wherein said first and second oxygen-ion conduc- 
tive solid electrolytes form different oxygen-ion con- 
ductive solid electrolyte layers. 

55 

17. A sensing device according to claim 14, further 
comprising a porous body (52) filling said opening 
of said flat space of said sensing element, said po- 
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rous body having a predetermined diffusion resist- 
ance. 

18. A sensing device according to any one of claims 11 
to 17, wherein said first internal space is filled with 
a porous body having a predetermined diffusion re- 
sistance. 

19. A sensing device according to any one of claims 11 
to 18, wherein said second diffusion means com- 
prises a porous body (44) having said second diffu- 
sion resistance, said second internal space being 
filled with said porous body. 

20. A sensing device according to any one of claims 1 1 
to 1 8, wherein said second internal space is formed 
separately from said first internal space within said 
sensing element. 

21 . A sensing device according to any one of claims 1 1 
to 20, further comprising a heater (36) for heating 
said first and second internal spaces to respective 
predetermined temperatures. 

22. A sensing device according to claim 21 , wherein 
said heater is located nearerto said second internal 
space than to said first internal space within said 
sensing element, so that the second internal space 
is heated to a higher temperature than the first in- 
ternal space. 

23. A sensing device according to any one of claims 11 
to 22, further comprising an oxidation catalyst (38) 
for oxidizing unburned components contained in the 
measurement gas before the gas reaches said sec- 
ond internal space. 

24. A sensing device according to any one of claims 1 1 
to 23, further comprising oxygen partial pressure 
detecting means (4c, 24, 28) for detecting the oxy- 
gen partial pressure of the atmosphere in said first 
internal space, said first oxygen pumping means 
applying a controlled current to said pair of elec- 
trodes of said electrochemical ceil of said first 
pumping means, on the basis of the oxygen partial 
pressure detected by said detecting means, so as 
to regulate the oxygen partial pressure in the first 
internal space. 

25. A sensing device according to claim 24, wherein a 
reference-gas chamber (1 0) containing a reference 
gas is formed in said sensing element, separately 
from said first and second internal spaces, said ox- 
ygen partial pressure detecting means comprising 
an electrochemical cell which comprises an oxy- 
gen-ion conductive solid electrolyte (4c) extending 
between said reference-gas chamber and said first 
internal space, a reference electrode (24) located 
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in said r fer nce-gas chamber and formed in con- 
tact with said solid electrolyte, and a measuring 
electrode (22) located in said first internal space 
and formed in contact with said solid electrolyte. . 

5 

26. A sensing device according to claim 25, wherein 
said reference-gas chamber is exposed at an open- 
ing thereof to an ambient atmosphere, such that the 
ambient atmosphere is introduced into the refer- 
ence-gas chamber through said opening, to provide 10 
said reference gas. 

27. A sensing device according to claim 25 or 26, 
wherein the electrochemical cell of said second ox- 
ygen pumping means comprises an oxygen-ion « 
conductive solid electrolyte (4c) extending between 
said second internal space and said reference-gas 
chamber, a first pumping electrode (28) located in 
said second internal space and formed in contact 
with said solid electrolyte, and a second pumping 20 
electrode (24) located in said reference-gas cham- 
ber and formed in contact with said solid electrolyte. 

28. A sensing device according to claim 27, wherein 
said oxygen-ion conductive solid electrolyte of the 25 
electrochemical cell of said second oxygen pump- 
ing means and said oxygen-ion conductive solid 
electrolyte of the electrochemical cell of said oxy- 
gen partial pressure detecting means constitute an 
integral oxygen-ion conductive solid electrolyte, 30 
and wherein said second pumping electrode and 
said reference electrode formed on the solid elec- 
trolyte constitute a common electrode. 

29. Asensingdeviceaccordingtociaim27or28where- 35 
in said first pumping electrode of the electrochemi- 
cal cell of said second oxygen pumping means, 
which is disposed in said second internal space, 
comprises said catalyst. 

40 

30. A sensing device according to claim 29, wherein 
said first pumping electrode comprises a porous 
cermet consisting of a ceramic, and a metal which 
is able to reduce or decompose the gas component 
having bonded oxygen. 45 

31. A sensing device according to claim 11, wherein 
said catalyst is disposed in said second internal 
space, in the vicinity of said first pumping electrode 
of the electrochemical cell of said second oxygen 50 
pumping means. 

32. A sensing device according to claim 11, wherein 
said catalyst is superposed on said first pumping 
electrode of the electrochemical cell of said second 55 
oxygen pumping means. 

33. A sensing device according to claim 14, wherein 



said second diffusion resistance of said second dif- 
fusion means is larger than said first resistance of 
said first diffusion means. 

34. A sensing device according to any one of claims 11 
to 33 wherein one (1 6) of said pair of electrodes of 
said electrochemical cell of said first oxygen pump- 
ing means, which is disposed in said first internal 
space (6) is an Au-containing electrode. 

35. A sensing device according to claim 34 wherein 
said electrode (16) of said first oxygen pumping 
means disposed in said first internal space is a cer- 
met electrode containing an alloy of Au and Pt. 



Patentanspruche 

1 . Verfahren zum Messen der Konzentration von NO x 
als Komponente eines Messgases, folgende Schrit- 
te umfassend: 

(i) das Einleiten des die NO x -Komponente ent- 
haltenden Messgases aus einem Messgas-Au- 
Benraum in einen ersten Innenraum (6) mit ei- 
nem ersten Diffusionswiderstand; 

(ii) das Regulieren des Sauerstoff-Partial- 
drucks im Messgas innerhalb des ersten Innen- 
raums, urn eine Atmosphare mit reguliertem 
Sauerstoff-Partialdruck zu erhalten; 

(iii) das Einleiten der Atmosphare aus dem er- 
sten Innenraum in einen zweiten Innenraum (8) 
mit einem zweiten Diffusionswiderstand; und 

(iv) das Bestimmen der Konzentration der in 
der Atmosphare vorhandenen NOx-Kompo- 
nente im zweiten Innenraum durch In-Kontakt- 
Bringen des Gases im zweiten Innenraum mit 
einem NO x -Zersetzungskatalysator, urn Sauer- 
stoff aus der NO x -Komponente zu erhalten, 
und das Messen des Sauerstoffs im zweiten In- 
nenraum, 

wobei in Schritt (ii) der Sauerstoff-Partial- 
druck so reguliert wird, dass die Atmosphare einen 
Sauerstoff-Partialdruck aufweist, der die Messung 
der NO x -Komponente in Schritt (iv) im Wesentli- 
chen nicht beeinflusst und bei dem NO im ersten 
Innenraum nicht in N 2 und 0 2 umgewandelt wird, 
wodurch NO in der in Schritt (iii) in den zweiten In- 
nenraum (8) eingeleiteten Atmosphare verbleibt, 
wodurch die Messung der NO x -Komponente im 
zweiten Innenraum ermoglicht wird. 

2. Verfahren nach Anspruch 1 , worm der Sauerstoff- 
Partialdruck im Messgas im ersten Innenraum (6) 
durch Sauerstoff-Pumpwirkung einer eiektrochemi- 
schen Zelle (4a, 16, 18; 56) reguliert wird. 
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3. Verfahr n nach Anspruch 1 oder 2, worin d r zw ite 
Innenraum (8) mit einem porosen Korper (44) mit 
dem zweiten Diffusionsswiderstand gefullt ist. 

4. Verfahren nach einem der Anspruche 1 bis 3, fol- 
gende Schritte umfassend: 

das Auspumpen von Sauerstoff , der im zweiten 
Innenraum (8) aus dem NO x erzeugt wird, 
durch Sauerstoff-Pumpwirkung einer elektro- 
chemischen Zelle (4c, 24, 28; 58) und 
das Detektieren eines Pumpstroms, der durch 
die elektrochemische Zelle (4c, 24, 28; 58) 
flieBt, urn die Konzentration des NO x im Mess- 
gas auf Basis des Pumpstroms zu berechnen. 



5. Verfahren nach Anspruch 1 , worin der Sauerstoff- 
Partialdruck im ersten Innenraum (6) durch Sauer- 
stoff-Pumpwirkung einer ersten elektrochemischen 
Pumpzelle (4a, 16, 18; 56) reguliert wird, urn eine 
Atmosphare mit einem vorbestimmten Sauerstoff- 
Partialdruckwert zu schaffen, der keine Umwand- 
lung von NO in N 2 und 0 2 bei einer ersten erhdhten 
Temperatur des ersten Innenraums ermoglicht, 
wahrend der Sauerstoff-Partialdruck im zweiten In- 
nenraum (8) durch das Auspumpen von Sauerstoff 
durch Sauerstoff-Pumpwirkung einer zweiten elek- 
trochemischen Pumpzelle (4c, 24, 28; 58) reguliert 
wird, so dass der Sauerstoff-Partialdruck auf einen 
vorbestimmten Wert reguliert wird, der eine Reduk- 
tion Oder Zersetzung von NO x bei einer zweiten er- 
hohten Temperatur des zweiten Innenraums er- 
moglicht. 

6. Verfahren nach Anspruch 5, worin der Sauerstoff- 
Partialdruck im ersten Innenraum (6) detektiert wird 
und die Sauerstoff-Pumpwirkung der ersten elek- 
trochemischen Zelle (4a, 16, 18; 56) gesteuertwird, 
indem die Spannung, die an die erste elektroche- 
mische Zelle angelegt wird, auf Basis des detektier- 
ten Sauerstoff-Partialdrucks variiert wird, so dass 
der Sauerstoff-Partialdruck im ersten Innenraum 
auf einen konstanten Wert reguliert wird. 

7. Verfahren nach Anspruch 5 oder 6, worin die Sau- 
erstoff-Pumpwirkung der zweiten elektrochemi- 
schen Zelle (4b, 24, 28; 58) herbeigefuhrt wird, in- 
dem daran eine konstante Spannung angelegt wird, 
welche die Gaskomponente mit einem die Diffusion 
einschrankenden Strom versorgt, wobei der Sauer- 
stoff-Partialdruck der Atmosphare im zweiten In- 
nenraum (8) durch das Aniegen des die Diffusion 
einschrankenden Stroms reguliert wird. 

8. Verfahren nach einem der Anspruche 5 bis 7, worin 
die zweit erhohte Temperatur des zweiten Innen- 
raums nicht niedriger ist als die erste erhohte Tem- 
peratur des ersten Innenraums. 



9. Verfahren nach einem der Anspruch 5 bis 8, worin 
der Sauerstoff-Partialdruck im zweiten Innenraum 
nicht hoher ist als der Sauerstoff-Partialdruck im er- 

. sten Innenraum. 

5 

10. Verfahren nach einem der Anspruche 5 bis 9, worin 
Sauerstoff durch die Sauerstoff-Pumpwirkung der 
ersten elektrochemischen Pumpzelle aus der At- 
mosphare aus dem ersten Innenraum herausge- 

10 pumptwird, so dass der Sauerstoff-Partialdruck un- 
ter den des Messgases gesenkt wird. 

1 1 . Messwandler zum Messen einer Konzentration von 
NO x als Gaskomponente eines Messgases, umfas- 

15 send: 

Mittel, die einen ersten Innenraum (6) definie- 
ren, der mit einem Messgas-AuBenraum kom- 
muniziert, in dem das Messgas vorhanden ist; 
20 erste Diffusionsmittel (12) zum Einleiten des 

NO x enthaltenden Messgases aus dem Mess- 
gas-AuBenraum in den ersten Innenraum (6), 
mit einem ersten Diffusionswiderstand; 
erste Sauerstoff-Pumpmittel (4a, 16,18), die ei- 
25 ne elektrochemische Zelle umfassen, die einen 

ersten Sauerstoff ionen leitenden Festelektroly- 
ten (4a) und ein Paar darauf ausgebildeter 
Elektroden (16, 18) aufweist, urn Sauerstoff- 
Pumpwirkung in Bezug auf den ersten Innen- 
30 raum (6) zu bewirken, so dass der Sauerstoff- 

Partialdruck der Atmosphare im ersten Innen- 
raum auf einen vorbestimmten Wert reguliert 
wird; 

Mittel, die einen zweiten Innenraum (8) definie- 
35 ren, der mit dem ersten Innenraum kommuni- 

ziert; 

zweite Diffusionsmittel (14, 44) zum Einleiten 
der Atmosphare aus dem ersten Innenraum in 
den zweiten Innenraum (8) mit einem zweiten 
40 Diffusionswiderstand; 

einen Katalysator im zweiten Innenraum (8), 
der zum Katalysieren der Zersetzung von NO x 
geeignet ist; 

zweite Sauerstoff-Pumpmittel (4c, 24, 28), um- 
45 fassend eine elektrochemische Zelle mit einem 

zweiten Sauerstoffionen leitenden Festelektro- 
lyten (4c) und einem Paar darauf ausgebildeter 
Elektroden (24, 28), zum Herauspumpen von 
Sauerstoff aus der Atmosphare im zweiten In- 
so nenraum, Mittel, welche die Spannung regeln, 

die an das zweite Sauerstoff-Pumpmittel ange- 
legt wird, so dass der Sauerstoff-Partialdruck 
der Atmosphare im zweiten Innenraum auf ei- 
nen vorbestimmten Wert reguliert wird, was die 
55 Zersetzung von NO x ermoglicht, urn Sauerstoff 

daraus zu gewinnen; 

wodurch in der Atmosphare im zweiten Innen- 
raum vorhandenes NO x zersetzt wird, wobei 
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das zweite Sauerstoff-Pumpmittel so angeord- 
net ist, dass es bei der Zersetzung von NO x ge- 
bildeten Sauerstoff herauspumpt; und 
Stromdetektionsmittel (32) zum Detektieren ei- . 
nes Pumpstroms, der durch das zweite Sauer- 5 
stoff-Pumpmittel flieGt, 

wobei das erste Sauerstoff-Pumpmittel (4a, 1 6, 
18) so angeordnet ist, dass es den Sauerstoff- 
Partialdruck der Atmosph&re im ersten Innen- 
raum (6) auf den vorbestimmten Wert reguliert, 10 
der die Messung der NO x -Komponente im 
zweiten Innenraum (8) im Wesentlichen nicht 
beeinflusst, und bei dem NO im ersten Innen- 
raum nicht in N 2 und 0 2 umgewandett wird, wo- 
durch NO in der Atmosphare zuruckbleibt, die 13 
in den ersten Innenraum (8) eingeleitet wird, 
wodurch Messung der NO x -Komponente im 
zweiten Innenraum ermoglicht wird. 

12. Messwandler nach Anspmch 11, worin eine (28) 20 
des Paares von Elektroden der elektrochemischen 
Zelle des zweiten Sauerstoff-Pumpmittels, die im 
zweiten Innenraum angeordnet ist, den Katalysator 
umfasst. 

25 

13. Messwandler nach Anspruch 11 oder 12, umfas- 
send einen Messfiihler (2), der den ersten und den 
zweiten Sauerstoffionen leitenden Festelektrolyten 
als einstuckige Telle davon umfasst, wobei der er- 
ste und der zweite Innenraum, das erste und das 30 
zweite Diffusionsmittel sowie das erste und das 
zweite Sauerstoff-Pumpmittel im Messfiihler aus- 
gebildet sind. 

14. Messwandler nach Anspruch 13, worin der 35 
Messfiihler einen begrenzten, flachen Raum (50) 

mit einem vorbestimmten Diff usionswiderstand auf- 
weist, wobei der Raum eine Offnung aufweist, die 
gegeniiber dem Messgas-AuBenraum freiliegt, wo- 
bei der flache Raum das erste und das zweite Dif- ^ 
fusionsmittel umfasst, wobei der erste innenraum 
aus einem ersten Abschnitt des flachen Raums be- 
steht, der an die Offnung angrenzt und in dem das 
erste Sauerstoff-Pumpmittel vorgesehen ist, wobei 
der zweite Innenraum aus einem zweiten Abschnitt 45 
des flachen Raums besteht, der von der Offnung 
entfemt ist und im ersten Abschnitt liegt, worin das 
zweite Sauerstoff-Pumpmittel vorgesehen ist. 

15. Messwandler nach einem der Anspriiche 13 Oder so 
1 4, worin der erste und der zweite Sauerstoffionen 
leitende Festelektrolyt eine Sauerstoffionen leiten- 

de Festelektrolytschicht bilden. 

16. Messwandler nach Anspruch 13 oder 14, worin der 55 
erste und der zweite Sauerstoffionen leitende Fest- 
elektrolyt unterschiedliche Sauerstoffionen leitende 
Festelektrolytschichten bilden. 
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17. Messwandl r nach Anspruch 14, w It rs umfas- 
send einen porosen Korper (52), der die Offnung 
des flachen Raums des Messfuhlers fultt, wobei der 
porose Korper einen vorbestimmten Diffusionswi- 
derstand aufweist. 

18. Messwandler nach einem der Anspruche 11 bis 17, 
worin der erste Innenraum mit einem porosen Kor- 
per mit einem vorbestimmten Diff usionswiderstand 
gefulit ist. 

1 9. Messwandler nach einem der Anspruche 1 1 bis 1 8, 
worin das zweite Diffusionsmittel einen porosen 
Korper (44) umfasst, der den zweiten Diffusionswi- 
derstand aufweist, wobei der zweite Innenraum mit 
dem porosen Korper gefullt ist. 

20. Messwandler nach einem der Anspruche 1 1 bis 1 8, 
worin der zweite Innenraum getrennt vom ersten In- 
nenraum innerhaib des Messfuhlers ausgebildet 
ist. 

21 . Messwandler nach einem der Anspruche 1 1 bis 20, 
weiters umfassend eine Heizeinrichtung (36), urn 
den ersten und den zweiten Innenraum auf jeweili- 
ge vorbestimmte Temperaturen zu erhitzen. 

22. Messwandler nach Anspruch 21 , worin die Heizein- 
richtung innerhaib des Messfuhlers naher zum 
zweiten Innenraum als zum ersten Innenraum an- 
geordnet ist, so dass der zweite Innenraum auf eine 
hohere Temperatur als der erste Innenraum erhitzt 
wird. 

23. Messwandler nach einem der Anspruche 1 1 bis 22, 
weiters umfassend einen Oxidationskatalysator 
(38) zum Oxidieren unverbrannter Komponenten, 
die im Messgas enthalten sind, bevor das Gas den 
zweiten Innenraum errreicht. 

24. Messwandler nach einem der Anspruche 1 1 bis 23, 
weiters umfassend Sauerstoff-Partialdruck-Detek- 
tionsmittel (4c, 24, 28) zum Detektieren des Sauer- 
stoff-Partiald rucks der Atmosphare im ersten In- 
nenraum, wobei das erste Sauerstoff-Pumpmittel 
auf Basis des vom Detektionsmittel detektierten 
Sauerstoff-Partialdrucks einen regutierten Strom an 
das Elektrodenpaar der elektrochemischen Zelle 
des ersten Pumpmittels anlegt, urn den Sauerstoff- 
Partialdruck im ersten Innenraum zu regulieren. 

25. Messwandler nach Anspruch 24, worin eine Be- 
zugsgaskammer (10), die ein Bezugsgas enthalt, 
getrennt vom ersten und vom zweiten Innenraum 
im Messfiihler ausgebildet ist, wobei die Sauerstoff- 
Partialdruck-Detektionsmittel eine elektrochemi- 
sche Zelle umfassen, die einen Sauerstoffionen lei- 
tenden Festelektrolyten (4c), dersich zwischen der 
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Bezugsgas-Kammer und dem ersten Inn nraumer- 
streckt, eine Bezugselektrode (24), die in der Be- 
zugsgas-Kammer angeordnet und in Kontakt mit 
dem Festelektrolyten ausgebildet ist, sowie eine. 
Messelektrode (22) umfassen, der im ersten Innen- 
raum angeordnet und in Kontakt mit dem Festelek- 
trolyten ausgebildet ist. 

26. Messwandler nach Anspruch 25, worin die Bezugs- 
gas-Kammer an einer Offnung davon gegenuber 
der Umgebungsatmosphare freiliegt, so dass die 
Umgebungsatmosphare durch die Offnung in die 
Bezugsgas-Kammer eingeleitet wird, um das Be- 
zugsgas bereitzusteiien. 

27. Messwandler nach Anspruch 25 Oder 26, worin die 
elektrochemische Zelle des zweiten Sauerstoff- 
Pumpmittels einen Sauerstoffionen leitenden Fest- 
elektrolyten (4c), dersich zwischen dem zweiten In- 
nenraum und der Bezugsgas-Kammer erstreckt, ei- 
ne erste Pumpelektrode (28), die im zweiten Innen- 
raum angeordnet und mit dem Festelektrolyten in 
Kontakt ausgebildet ist, sowie eine zweite Pumpe- 
lektrode (24) umfasst, die in der Bezugsgas-Kam- 
mer angeordnet und in Kontakt mit dem Festelek- 
trolyten ausgebildet ist. 

28. Messwandler nach Anspruch 27, worin der Sauer- 
stoffionen leitende Festelektrolyt der elektrochemi- 
schen Zelle des zweiten Sauerstoff-Pumpmittels 
und der Sauerstoffionen leitende Festelektrolyt der 
elektrochemischen Zelle des Sauerstoff-Partial- 
druck-Detektionsmittels einen einstuckigen Sauer- 
stoffionen leitenden Festelektrolyten bilden und 
worin die zweite Pumpelektrode und die Bezugs- 
elektrode, die auf dem Festelektrolyten ausgebildet 
slnd, eine gemeinsame Elektrode bilden. 

29. Messwandler nach Anspruch 27 oder 28, worin die 
erste Pumpelektrode der elektrochemischen Zelle 
des zweiten Sauerstoff-Pumpmittels, die im zweiten 
Innenraum angeordnet ist, den Katalysator um- 
fasst. 

30. Messwandler nach Anspruch 29, worin die erste 
Pumpelektrode ein poroses Cermet umfasst, das 
aus einer Keramik und einem Metall besteht, das 
die Gaskomponente mit gebundenem Sauerstoff 
reduzieren oder zersetzen kann. 

31. Messwandler nach Anspruch 11 , worin der Kataly- 
sator im zweiten Innenraum in der Nahe der ersten 
Pumpelektrode der elektrochemischen Zelle des 
zweiten Sauerstoff-Pumpmittels angeordnet ist. 

32. Messwandler nach Anspruch 11 , worin der Kataly- 
sator auf der ersten Pumpelektrode der elektroche- 
mischen Zelle des zweiten Sauerstoff-Pumpmittels 
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angeordnet ist. 

33. Messwandler nach Anspruch 14, worin der zweite 
Diffusionswiderstand des zweiten Diffusionsmittels 

5 hoher ist als der erste Widerstand des ersten Diffu- 
sionsmittels. 

34. Messwandler nach einem der Anspruche 1 1 bis 33, 
worin eine (1 6) des Paares von Elektroden der elek- 

10 trochemischen Zelle des ersten Sauerstoff-Pump- 
mittels, die im ersten Innenraum (6) angeordnet ist, 
eine Au-haltige Elektrode ist. 

35. Messwandler nach Anspruch 34, worin die Elektro- 
w de (16) des ersten Sauerstoff-Pumpmittels, die im 

ersten Innenraum angeordnet ist, eine Cermet- 
Elektrode ist, die eine Legierung aus Au und Pt ent- 
halt. 

20 

Revendications 

1 . Precede pour mesurer la concentration des NOx en 
tant que composant d'un gaz de mesure, compre- 
ss nant les Stapes consistant a : 

(i) introduire le gaz de mesure contenant le 
composant NOx a partir d'un espace de gaz de 
mesure externe dans un premier espace inter- 

30 ne (6), avec une premiere resistance de diffu- 

sion; 

(ii) controler la pression partielle de I'oxygene 
dans le gaz de mesure dans ledit premier es- 
pace interne de maniere a produire une atmos- 

35 phere d'une pression partielle d'oxygene con- 

trol^; 

(iil) Introduire ladite atmosphere depuis ledit 
premier espace interne dans un second espace 
interne (8) avec une seconde resistance de dif- 

40 fusion; et 

(iv) determiner la concentration du composant 
NOx present dans I'atmosphere dans ledit se- 
cond espace interne en mettant en contact le 
gaz dans ledit second espace interne avec un 

45 catalyseur de decomposition des NOx de ma- 

niere a tirer I'oxygene du composant NOx et a 
mesurer I'oxygene dans ledit second espace 
interne, 

50 ou a i'&ape (ii) la pression partielle de I'oxy- 

gene est commandee de facon que tadite atmos- 
phere ait une pression partielle d'oxygene qui n'in- 
flue pas sensiblement sur la mesure du composant 
NOx a Tetape (iv) et qui ne transforme pas NO en 

55 N 2 et 0 2 dans ledit premier espace Interne, par quoi 
NO reste dans I'atmosphere introduite dans ledit se- 
cond espace interne (8) a I'etape (iii) pour permettre 
la mesure du composant NOx dans ledit second es- 



20 



39 



EP 0 678 740 B1 



40 



pac intern . 

Precede selon la revendication 1 , ou ladite pression 
partielle d'oxygene dans le gaz de mesure est con-, 
trolee dans ledit premier espace interne (6) par une 
action de pompage d'oxygene d'une cellule electro- 
chimique (4a, 16, 18; 56). 

Procede selon la revendication 1 ou 2, ou ledit se- 
cond espace interne (8) est rempli d'un corps po- 
reux (44) ayant ladite seconde resistance de diffu- 
sion. 

Procede selon Tune des revendications 1 h 3, com- 
prenant les etapes consistant a: 

pomper vers I'exterieur Toxygene produit par 
les NOx dans le second espace interne (8) par 
une action de pompage d'oxygene d'une cellule 
electrochimique (4c, 24, 28; 58); et 
detecter un courant de pompage s'ecoulant a 
travers ladite cellule Electrochimique (4c, 24, 
28; 58), de maniere a calculer la concentration 
des NOx dans le gaz de mesure, sur la base 
dudit courant de pompage. 

Procede selon la revendication 1 , ou la pression 
partielle de I'oxygene dans ledit premier espace in- 
terne (6) est reglee par une action de pompage 
d'oxygene d'une premiere cellule de pompage elec- 
trochimique (4a, 16,18; 56), de maniere a produire 
une atmosphere d'un niveau pr6d6termine de pres- 
sion partielle d'oxygene qui ne permet pas la con- 
version de NO en N 2 et 0 2 & une premiere tempe- 
rature elevee du premier espace interne, alors que 
la pression partielle d'oxygene dans ledit second 
espace interne (8) est reglee par un pompage vers 
I'exterieur de I'oxygene par une action de pompage 
d'oxygene d'une seconde cellule de pompage elec- 
trochimique (4c, 24, 28; 58), de telle sorte que la 
pression partielle de I'oxygene est reglee a un ni- 
veau predetermine qui permet la reduction ou la de- 
composition des NOx a une seconde temperature 
elevee du second espace interne. 

6. Procede selon la revendication 5, ou la pression 
partielle de I'oxygene dans ledit premier espace in- 
terne (6) est detectee, et Taction de pompage de 
I'oxygene de ladite premiere cellule electrochimi- 
que (4a, 16, 18; 56) est contr6lee en faisant varier 
une tension appliquee a la premiere cellule electro- 
chimique, basee sur la pression partielle detectee 
de I'oxygene de telle sorte que la pression partielle 
de I'oxygene dans le premier espace interne est re- 
gime a un niveau constant. 



7. Proc§de selon la revendication 5 ou 6, ou Taction 
de pompage d'oxygene de ladite seconde cellule 



electrochimique (4b, 24, 28; 58) est ffectue n 
appliquant a celle-ci une tension constante qui four- 
nit un courant limitant la diffusion au composant de 
gaz, la pression partielle de I'oxygene de I'atmos- 
5 phere dans ledit Second espace interne (8) 6tant 
reglee par ^application dudit courant limitant la dif- 
fusion. 

8. Procede selon Tune des revendications 5 a 7, oil 
w ladite seconde temperature elevee du second es- 
pace interne n'est pas inferieure a ladite premiere 
temperature elevee du premier espace interne. 

9 procede selon Tune des revendications 5 h 8, ou la 
15 pression partielle de I'oxygene dans ledit second 
espace interne n'est pas plus elevee que la pres- 
sion partielle de I'oxygene dans ledit premier espa- 
ce interne. 

20 10. Procede selon Tune des revendications 5 a 9, ou 
Toxygene est pompe hors de Tatmosphere dans le- 
dit premier espace interne par suite de ladite action 
de pompage de Toxygene de ladite premiere cellule 
de pompage electrochimique de telle sorte que la 
25 pression partielle de I'oxygene de Tatmosphere est 
rendue plus basse que celle du gaz de mesure. 

11. Dispositif de detection pour mesurer une concen- 
tration des NOx en tant que composant d'un gaz de 
30 mesure, comprenant: 

un moyen definissant un premier espace inter- 
ne (6) qui communique avec un espace de gaz 
de mesure externe ou le gaz de mesure est pre- 

35 sent; 

un premier moyen de diffusion (12) pour intro- 
duce le gaz de mesure contenant les NOx de- 
puis ledit espace de gaz de mesure externe 
dans ledit premier espace interne (6), avec une 
40 premiere resistance de diffusion; 

un premier moyen de pompage d'oxygene (4a, 
16, 18) comprenant une cellule electrochimi- 
que ayant un premier electrolyte solide (4a) 
conducteur d'ions d'oxygene ainsi qu'une paire 
45 d'electrodes (1 6, 1 8) formees sur celui-ci, pour 

effectuer une action de pompage d'oxygene 
par rapport audit premier espace interne (6) de 
telle sorte que la pression partielle de Toxygene 
de Tatmosphere dans le premier espace inter- 
50 ne est reglee a un niveau predetermine; 

un moyen definissant un second espace inter- 
ne (8) qui communique avec ledit premier es- 
pace interne; 

un second moyen de diffusion (14, 44) pour in- 
55 troduire Tatmosphere dudit premier espace in- 

terne dans ledit second espace interne (8), 
avec une seconde resistance de diffusion; 
uncatalyseurdansleditsecondespac interne 
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(8) qui convient pour catalyser la decomposi- 
tion des NOx; 

un second moyen de pompage d'oxygene (4c, 
24, 28) comprenant une cellule eleotrochimi- , 
que ayant un second electrolyte solide (4c) 5 
conducteur d'ions d'oxygene ainsi qu'une paire 
d'eiectrodes (24, 28) formees surcelui-ci pour 
le pompage de I'oxygene hors de I'atmosphere 
dans ledit second espace interne, un moyen 
commandant la tension appliquee audit second io 
moyen de pompage d'oxygene de telle sorte 
que la pression partielie de I'oxygene de ('at- 
mosphere dans le second espace interne est 
reglee a une valeur predetermine qui permet 
la decomposition des NOx pour tirer I'oxygene w 
de ceux-ci; 

par quoi les NOx presents dans I'atmosphere 
dans le second espace interne sont decompo- 
ses, ledit second moyen de pompage d'oxyge- 
ne etant agence pour pomper vers I'exterieur 20 
I'oxygene produit lors de la decomposition des 
NOx; et 

un moyen de detection de courant (32) pour de- 
teeter un courant de pompage s'ecoulant a tra- 
vers ledit second moyen de pompage d'oxyge- 25 
ne, 

ou ledit premier moyen de pompage d'oxygene 
(4a, 1 6, 1 8) est agence pour regler ladite pres- 
sion partielie de I'oxygene de I'atmosphere 
dans ledit premier espace interne (6) audit ni- 30 
veau predetermine qui n'agit pas sensiblement 
sur la mesure du composant NOx dans le se- 
cond espace interne (8) et qui ne transforme 
pas NO en N 2 et 0 2 dans ledit premier espace 
interne par quoi NO reste dans I'atmosphere in- 35 
troduite dans ledit second espace interne (8) 
pour permettre la mesure du composant NOx 
dang ledit second espace interne, 

12. Dispositif de detection selon la revendication 1 1 , ou 40 
l'une (28) de ladite paire d'eiectrodes de ladite cel- 
lule electrochimique dudit second moyen de pom- 
page d'oxygene, qui est disposee dans ledit second 
espace interne, comprend ledit catalyseur. 

45 

13. Dispositif de detection selon la revendication 11 ou 
la revendication 12, comprenant un element de de- 
tection (2) qui inclut lesdits premier et second elec- 
trolytes solides conducteurs d'ions d'oxygene com- 

me parties integrates de celui-ci, lesdits premier et so 
second espaces internes, lesdits premier et second 
moyens de diffusion et lesdits premier et second 
moyens de pompage d'oxygene etant formes dans 
ledit element de detection. 

55 

14. Dispositif de detection selon la revendication 13, ou 
ledit element de detection presente un espace 
etroit, plat (50) ayant une resistance de diffusion 
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predeterminee, ledit espac ayant un ouverture 
exposee audit espace de gaz de mesure externe, 
ledit espace plat comprenant lesdits premier et se- 
cond moyens de diffusion, ledit premier espace in- 
terne etant constitue d'une premiere portion dudit 
espace plat adjacente a ladite ouverture, dans la- 
quelle ledit premier moyen de pompage d'oxygene 
est prevu, ledit second espace interne etant cons- 
titue d'une seconde portion dudit espace plat eloi- 
gnee de ladite ouverture et a Pinterieur de ladite pre- 
miere portion dans laquelle ledit second moyen de 
pompage d'oxygene est prevu. 

15. Dispositif de detection selon la revendication 13 ou 
1 4, ou lesdits premier et second electrolytes solides 
conducteurs d'ions d'oxygene forment une couche 
d'electrolyte solide conductrice d'ions d'oxygene. 

16. Dispositif de detection selon la revendication 13 ou 
1 4, ou lesdits premier et second electrolytes solides 
conducteurs d'ions d'oxygene forment differentes 
couches d'electrolyte solide conductrices d'ions 
d'oxygene. 

17. Dispositif de detection selon la revendication 14, 
comprenant en outre un corps poreux (52) remplis- 
sant ladite ouverture dudit espace plat dudit ele- 
ment de detection, ledit corps poreux ayant une re- 
sistance de diffusion predeterminee. 

18. Dispositif de detection selon l'une des revendica- 
tions 11 a 17, ou ledit premier espace interne est 
rempli d'un corps poreux ayant une resistance de 
diffusion predeterminee. 

19. Dispositif de detection selon l'une des revendica- 
tions 11 a 18, ou ledit second moyen de diffusion 
comprend un corps poreux (44) ayant ladite secon- 
de resistance de diffusion, ledit second espace in- 
terne etant rempli avec ledit corps poreux. 

20. Dispositif de detection selon l'une des revendica- 
tions 11 a 18, ou ledit second espace interne est 
forme separement dudit premier espace interne 
dans ledit 6l6ment de detection. 

21. Dispositif de detection selon Pune des revendica- 
tions 1 1 a 20, comprenant en outre un organe chauf- 
fant (36) pour chauffer lesdits premier et second es- 
paces internes a des temperatures respectives pre- 
determinees. 

22. Dispositif de detection selon la revendication 21 , ou 
ledit organe chauffant est situe plus pr£s dudit se- 
cond espace interne que dudit premier espace in- 
terne dans ledit element de detection de telle sorte 
que ledit second espace interne est chauffe a une 
temperature plus eievee que le premier espac in- 
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terne. 

23. Dispositif de detection selon Tune des revendica- 
tions 11 a 22, comprenant en outre un catalyseur, 
d'oxydation (38) pour oxyder des composants non 5 
brutes se trouvant dans le gaz de mesure avant que 

le gaz n'atteigne ledit second espace interne. 

24. Dispositif de detection selon Tune des revendica- 
tions 11 a 23, comprenant en outre un moyen de io 
dEtection de pression partielle d'oxygEne (4c, 24, 

28) pour detecter la pression partielle de I'oxygene 
de Tatmosphere dans ledit premier espace interne, 
ledit premier moyen de pompage d'oxygene appli- 
quant un courant commandE a ladite paire d'Elec- « 
trodes de ladite cellule Electrochimique dudit pre- 
mier moyen de pompage, sur la base de la pression 
partielle de I'oxygene detectee par ledit mayen de 
detection de maniere a rEgler la pression partielle 
de I'oxygene dans le premier espace interne. 20 

25. Dispositif de detection selon la revendication 24, ou 
une chambre de gaz de reference (10) contenant 
un gaz de reference est formee dans ledit element 

de detection, separement desdits premier et se- 25 
cond espaces internes, ledit moyen de detection de 
pression partielle de I'oxygene comprenant une cel- 
lule Electrochimique qui comprend un electrolyte 
solide (4c) conducteur d'ions d'oxygene s'etendant 
entre ladite chambre de gaz de reference et ledit 30 
premier espace interne, une Electrode de reference 
(24) situee dans ladite chambre de gaz de referen- 
ce et formEe en contact avec ledit electrolyte solide, 
et une electrode de mesure (22) se trouvant dans 
ledit premier espace interne et formee en contact 35 
avec ledit electrolyte solide. 

26. Dispositif de detection selon la revendication 25, ou 
ladite chambre de gaz de reference est exposee a 
une ouverture de celle-ci a I'atmosphere ambiante 40 
de telle sorte que I'atmosphere ambiante est intro- 
duite dans la chambre de gaz de rEfErence atravers 
ladite ouverture pourfournir ledit gaz de reference. 

27. Dispositif de defection selon la revendication 25 ou 45 
26, dans lequel la cellule Electrochimique dudit se- 
cond moyen de pompage d'oxygene comprend un 
Electrolyte solide (4c) conducteur d'ions d'oxygene 
s'etendant entre ledit second espace interne et la- 
dite chambre de gaz de reference, une premiere so 
electrode de pompage (28) situEe dans ledit second 
espace interne et formEe en contact avec ledit Elec- 
trolyte solide, et une seconde Electrode de pompa- 
ge (24) situEe dans ladite chambre de gaz de rEfE- 
rence etformEe en contact avec ledit Electrolyte so- ss 
lide. 

28. Dispositif de dEtection selon la revendication 27, ou 
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ledit Electrolyt solide conducteur d'ions d'oxygEne 
de la cellule Electrochimique dudit second moyen 
de pompag d'oxygEne et ledit Electrolyte solide 
conducteur d'ions d'oxygEne de la cellule Electro- 
chimique dudit moyen de dEtection de pression par- 
tielle d'oxygEne constituent un Electrolyte solide 
conducteur d'ions d'oxygEne intEgral, et ou ladite 
seconde Electrode de pompage et ladite Electrode 
de rEfErence formEe sur I'Electrolyte solide consti- 
tuent une electrode commune. 

29. Dispositif de dEtection selon la revendication 27 ou 
28, ou ladite premiere Electrode de pompage de la 
cellule Electrochimique dudit second moyen de 
pompage d'oxygEne, qui est disposEe dans ledit se- 
cond espace interne, comprend ledit catalyseur. 

30. Dispositif de dEtection selon la revendication 29, ou 
ladite premiEre Electrode de pompage comprend un 
cermet poreux constituE d'une cEramique, et un 
mEtal qui est apte a rEduire ou a decomposer le 
composant de gaz ayant I'oxygEne liE. 

31 . Dispositif de dEtection selon la revendication 1 1 , ou 
ledit catalyseur est disposE dans ledit second es- 
pace interne, au voisinage de ladite premiere Elec- 
trode de pompage de la cellule Electrochimique du- 
dit second moyen de pompage d'oxygEne. 

32. Dispositif de dEtection selon la revendication 11 , ou 
ledit catalyseur est superposE sur ladite premiEre 
Electrode de pompage de la cellule Electrochimique 
dudit second moyen de pompage d'oxygEne. 

33. Dispositif de detection selon la revendication 14, ou 
ladite seconde resistance de diffusion dudit second 
moyen de diffusion est plus grande que ladite pre- 
miEre resistance dudit premier moyen de diffusion. 

34. Dispositif de dEtection selon Tune des revendica- 
tions 11 a 33, ou Tune (16) de ladite paire d'Electro- 
des de ladite cellule Electrochimique dudit premier 
moyen de pompage d'oxygene, qui est disposEe 
dans ledit premier espace interne (6), est une Elec- 
trode contenant du Au. 

35. Dispositif de dEtection selon la revendication 34, ou 
ladite Electrode (1 6) dudit premier moyen de pom- 
page d'oxygEne disposEe dans ledit premier espa- 
ce interne est une Electrode cermet contenant un 
alliage de Au et Pi. 
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